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ABSTRACT: 

A  contour  image  representation  is  stated  and  an  algorithm  for  converting  a  set  of 
digital  television  images  into  this  representation  is  explained.  The  algorithm  consists  of 
five  steps:  digital  irrrge  thresholding,  binary  image  contouring,  polygon  nesting,  polygon 
smoothing,  and  poly-on  comparing.  An  implementation  of  the  algorithm  is  the  main  routine 
of  a  program  called  CRE;  auxiliary  routines  provide  cart  and  turn  table  control,  TV 
camera  input,  image  display,  and  xerox  printer  output.  A  serendip  application  of  CRE  to 
type  font  construction  is  explained.  Details  about  the  intended  application  of  CRE  to  the 
perception  of  physical  objects  will  appear  in  sequels  to  this  paper. 
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digital  television  images  into  this  representation  is  explained.  The  algorithm 
consists  of  five  steps:  digital  image  thresholding,  binary  image  contouring, 
polygon  nesting,  polygon  smoothing,  and  polygon  comparing.  An  implementation  of 
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INTRODUCTION. 


The  ,,r.i  onym  CEE  stands  both  for  "Contour,  Reg  on,  Edge".  CRE  is  a  solution  to 
the  , not,.;.. hi  of  finding  contour  edges  in  a  set  of  television  pictures  and  of  linking 
corresponding  edg' s  from  one  picture  to  the  next.  The  process  is  automatic  and  is 
intended  to  run  without  human  intervention.  Furthermore,  the  process  is  bottom  up; 
there  are  :io  significant  inputs  other  than  tae  given  television  images.  The  output  of  CRE 
is  n  CD  contour  map  data  structure  which  is  suitable  input  to  a  3D  geometric  modeling 
prog;  cam 

The  overall  design  goal  for  CRE  was  to  build  a  region-edge  finding  program  that 
could  be  applied  to  a  sequence  of  television  pictures  and  that  would  output  a  sequence 
of  line  drawings  without  having  to  know  anything  about  the  conten*  of  the  images. 
Furthermore  it  was  desired  that  the  line  drawings  be  structured.  The  six  design  choices 
that  determined  the  character  of  CRE  are; 

1.  Dumb  vision  rather  than  model  driven  vision. 

2.  Multi  image  analysis  rather  than  single  image  analysis. 

3.  Total  image-  structure  imposed  on  e:l;;o  finding;  rather 
than  .operate  edge  finder  ...nd  irna0o  analyzer. 

4.  Automatic  rather  than  interactive. 

5.  Fixed  image  window  size  rather  than  variable  window  size. 

6  Machine  language  rather  than  higher  love!  language. 

The  design  choices  are  ordered  from  the  more  strategic  to  the  more  tactical;  the 
first  thru,  d  c  low  being  icstaich  strategies,  the  latter  three  choices  being  programming 
tactics.  Adopting  those  design  choices  lead  to  image  contouring  and  contour  map 
otructuics  -imilar  to  that  of  Krakauer[3]  and  Zahn[4]. 

The  first  design  choice  does  not  icfcr  to  the  issue  of  how  model  dependent  a 
finished  gem  i  J  vision  system  will  be  fit  will  be  quite  model  dependent),  but  rather  to 
th  issue  of  how  one  should  begin  building  such  a  system.  I  believe  that  the  best 
starting  points  are  at  the  two  apparent  ext.  ernes  of  nearly  total  knowledge  of  a 
pen  ticul  .r  visual  woild  or  nearly  total  ignorance.  The  first  extreme  involves  synthesis 
(by  computer  graphics)  of  a  predicted  2D  image,  followed  by  comparing  the  predicted  and 
a  peieeivt  d  ,uge  (or  slight  differences  which  ate  expected  but  not  yet  measured.  The 
,  r(  -,luj  c.xt|t  mu 'involves  ..nnlysing  perceived  images  into  structures  which  can  be  readily 
compared  (or  mve  equality  and  measured  for  slight  differences;  followed  by  the 
com  ti  i.ictinn  of  ,i  3D  geometric  mod,!  of  the  perceived  world.  The  point  is  that  in  both 
earn  S  irnrg,  •>  ..re  compos  nd,  and  in  both  cases  the  3D  model  initially  (or  finally)  contains 
specific  numerical  data  on  the  geometiy  and  physics  of  the  particular  world  being  looked 
at. 
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Tiw  c  c und  design  choice,  ot  multi  image  anaylois  rather  than  single  im^e  analysis, 
pt<»w«.v  i  ,i ms  for  ol 'ing  for  earner a  positions  and  feature  depths.  The  ghird  design 
Choi  r.oh  (or  i other  avoids)  the  problem  of  integrating  an  edge  finder’s  results  into 


an  ii  Cy  using 
image  stru  tine  w 
photom-'ti  >r  ,.<iges  as  physical  edge 


i  very  simple  edge  finder,  und  by  accepting  all  the  edges  found,  the 
never  lost  This  design  postpones  the  problem  of*  interpreting 
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The  fourth  choice  is  a  resolution  to  write  an  image  processor  that  does  not 
requites  i  pei  ..tor  assistance  or  >aramater  tuning.  The  fifth  choice  of  the  216  by  288 
fi  id  window  size  r  a  sin  that  proved  suipii  ingly  expedient,  it  is  explained  later  A 
variable  window  vc-r  .ion  of  Ci\E  at  haKc-s,  thirds  und  other  simple  fractions  of  its  present 
window  sine  will  be  made  at  some  future  date. 


The  final  desi,.n  choice  of  using  machine  Lnguage  was  for  the  sake  of  implementing 
node  link  li.t.i  structures  that  ..re  processed  100  faster  than  LEAP,  10  times  faster  than 
rornpih  rl  I  ISP  and  that  requim  significantly  Iras  memory  than  similar  structures  in  either 
LISP  or  LE  P.  Further  more  machine  code  assembles  and  loads  faster  than  higher  level 
language1.;  ,,nb  machine  code  cun  be  extensive!)  axed  and  altered  without  recompiling. 

It  is  my  impression  that  CRE  does  not  raise  any  new  scientific  problems;  nor  does 
it  have  ,,ny  really  now  solutions  to  the  old  problems;  rather  CRE  is  another  competent 
video  region  .  dg  finding  progiam  with  its  own  set  of  tricks.  However,  it  is  further  my 
irnpi  esaion  tl  .t  the  particular  tricks  for  smoothing,  nesting  and  comparing  polygons  in  CRE 
are  origin.. I  as  programming  techniques. 

The  intended  use  of  CRE  is  illustrated  by  the  sequences  of  turn  table  pictures  on 
pa,/  .  1  arid  The  figures  on  page  5  illustrate  the  quality  of  contoured  images  over  a 
range  of  subject  matter.  Finally  the  application  of  CRE  to  typography  is  illustrated 

below: 

In  i  •.  I  m:;  ••  P’ ■> h  I 


o[  v.j  :r  -Jci  $  ;>  •:>  v;s  tv  o?  r  <9  $  s  ^  up  y  W  x 


:j  ti  i-  0  e  f  q  h  i  j  t:  I  ill  n  a  p  q 
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'o .  1  t/iock  assir  ted  me  with  the  development  cf  tiie  type  font  making  program, 
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FIGURE  3  -  INTENSITY  CONTOURING  ON  A  VARIETY  OF  SUBJECTS 
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flic  two  ,eiv  tic  data  'structures  of  Cl  l  d re  arrays  and  nodes;  t here  are  five  kinds 
ot  .in  iy  in* I  eight  kinds  of  ncdt  • .  The  node  structures  to  be  discussed  are 
irnph •n.  nt'iJ  is  sewn  word  fixed  mad  blocks  in  a  fashion  usual  to  graphics  and 
sirn  il.it  oi  .  n  mt i  oauJion  to  this  technology  can  be  found  m  Knuth  [4],  The  language  of 
irnpl i  i .v.-nt  .don  i  PDI’-lU  machine  roc;'  via  the  FAIL  assembler. 

liif  nelu  i  i  J  ;l  sin  store  in  Cr.’L  n-pn.  cuts  a  sequence  in  tune  of  video  intensity 
rontf.m  in.  •  Such  contour  rneps  are  like  topographical  •  I  ovation  contour  maps,  in  that 
no  two  .t  ur  line  should  *.-•  *. i  uon  and  in  that  all  the  contour  lines  should  close. 
Lurv  c  ■  i  w  ,  the  loop  .  oi  contours  enclose  regions;  and  these  regions  o /erlap  in  a 
nr  I  ri  hi  M\;cn  forming  a  troi  like  data  structure. 


A  .  II  t  0r.nen  !  ex  ample",  of  contoured  images  on  page  5  illustrate,  a  notion  that  is 
ernpl  uc  ih/  not  in  CRE,  is  that  of  a  schematic  line  drawing.  Although  the  CRE  output  can 
be  wewi.;  .1  1  collection  of  line:,  on  1  display  screen,  people  expecting  a  line  drawing 

inn  id  n  f  I i'ii  giv^n  television  pictu  will  be  disappointed.  A  CRE  picture  is  a  simple 
ti  an  .fot  im.tion  of  the  photometiy,  Ocornetry  and  topology  of  the  original  video  image; 
wh  1  „  m  the  t ypicu.il  line  dr.  wing  from  a  human  illustrator  is  a  representation  of  the 
scene  without  photometric  information.  On  the  ot  her  hand,  the  work  of  an  artist  such  as 
Peter  i.'ia.-;  or  a  paint -by-the-nurnbers  grid  does  resemble  CRE  outDut.  This  is  not  an 
id  I  concidunce  but  rather  a  consequence  of  whether  or  not  the  artist  is  trying  to 
represent  photometric  data  by  cjuantum  lines. 

The>  > pi, •, notion  of  CRF  node  trii.tni cr,  will  be  presented  in  three  parts:  first,  the 
s«  1  ..il  I  11  ’  of  1  .  el-  will  h-  briefly  e'  ..lamed;  second,  the  sub  structures  such  as  rings, 
t r c  nd  li  •!•  will  Ire  <l..*‘ a ibed;  ..nd  tlurei,  the  node  formats  and  their  contents  will  be 
|.|  uc  d  1,.  •;  t  I  Folk.'  'ire  that  ''  ill  1 *,n  t  xpic nation  of  the  five  arrays  in  CRE.  The 
re-cd'.r  io  /■  arn.-d  tlvit  tl  1..  whole  sub  section  (on  data  structure)  is  an  elaborate  shaggy 
eiog  tory  of  naming  immcs  and  del  ing  things;  all  the  action  is  to  be  found  in  the 
following  t ib  section  (on  the  algorithm). 
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DA  I  A  bTRUTUuA.  Kl\ue  ul  MODLS. 

anfJ  .  ir  ri“hl  '  Irv‘  ot  CRE  00d<  :':  v*ctor.  Arc,  Polygon,  Shape,  Image,  Level,  Film 

1  At  the  top  of  the  structure  is.  the  film  node,  the  film  node  is  unique  and  serves 
cr,  on  r*oLI.,T  from  which  „:i  other  nodes  may  be  reach,  d.  The  film  node  embodies  the 
IC!C  1  ut  11  of  rr  ll,ll0,d  or  a  length  of  magnetic  video  tape.  A  film  is  a  sequence 
Ot  line;  .,  tor,  n  by  the  same  camera  of  the  same  scene  with  only  a  small  amount  of 
action  between  images. 

2.  An  image  node  lepiesenb  the  familial  two  dimensional  idea  of  „  photograph  or 

an  oil  Pointing  cr  to  be  exact  a  digital  video  image  of  216  rows  by  288  columns  of 

numho  ,  ,  ..King  from  0  for  dark  to  S3  fo,  b,,J-,t.  The  image  is  formed  by  a  thin  iens  and 
s  projtc.n.J  on  a  llal  mrmg  •  plane.  The  idea  of  an  image  is  so  common  that  it  is  easy  to 
O'-.  !  ,  oi  the  .vnnd.'i  of  nun  light  '-cal ter ng  off  of  surfaces,  refracting  thru  a  lens,  and 
f oi  nun;;  i  i  onipb-x  |.,tft.;rn  ca  l^d  a  real  linage. 

'  ■  '''  ir  v  ,lv:’  n0CtC  ‘-re  the  intensity  contour  levels.  A  contour  level  is  a 

b,n  iy  ,n'<-  y  thut  K'jUtj  lro,ri  thresholding  a  gray  scaled  image.  So  an  image  is 

compos,  d  ei  '-vt  I  .nd,  in  turn,  a  level  is  composed  of  polygons. 

4.  A  Polygon  node  represents  the  idea  of  a  contour  loop  which  always  closes 
Llpnn  ,vuf  ,nd  JOt  '  not  Cr°'S  itself  or  wny  other  contour.  Contour  loops  are 
approximo  ei  by  a  ring  of  vectors;  hence,  the  term  "polygon"  The  contour  polygons 
filwijy  \\<j\  it  least  throe  sides*  iind  are  simply  connected. 

b.  bhape  ncatm  ontam  data  about  one  or  two  polygons.  The  data  in  a  shape 
node  is  not  a  positive  representation  of  the  notion  of  shape;  but  is  rather  the 
pen  am  ter  of  alignment  that  must  be  normalized  out  before  shapes  can  be  compared. 

f,  Actor  nodes  contain  the  locus  of  an  image  vertex;  however  since  vectors 

'«•  to  a  polygon  and  ,..wiys  have  two  neighbors;  their  counterclockwise 
ik-iJu  o  considered  to  determine  their  vector  direction. 


/  A,<;  1  0fks  lire'  ectors'  {|^t  .re  mad,  uy  the  polygon  smoothing  loutine;  one  arc 

ty|  11  lf  n"  (  L‘  ‘;e  (>r  1  /f,ct0,r-  w,v'n  noth  arcs  and  vectors  arc  bcin*  discussed- 
w  'u" '  1,1  r  ’,tlictl '  r|oi  izontc.l  and  vortical,  whereas  arcs  may  point  in  any  direction. 

r‘rty /•cd  s  ore  an  M'iifact  of  tno  fixed  node  size  dynamic  storage  allocation 
n  ,n  11  '  10  Entities  are  made  by  taking  empty  nodes  from  an  AVAI1  list  anc 

entilK  m  e  I  nice  uy  returning  their  node  to  the  AVAIL  list,  there  is  no  garbage  collector 
but  there  is  u  space  con  .pact  or,  °  ’ 
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DMA  STRUCTURE.  1  INK  AND  DA. DM  NAMES. 


Nc  '  0,u,  ,n  ,;lt  ''  M,J"VnC“i  c  pointers  to  other  nodes;  such  node  posters 
r  I  1  y"\  *,re  llnl"J  The  positions  within  »  node  where  a 

l,n!  '  ‘  rfsr'm"d  ,or  '™licul*  In  the  table  below  the  1  i 

Co|>(! Y',j  °  3  utljrn  na",eS  are  mt,0lju''ed-  The  link  names  will  always  appear 


1  1  LINK  N AWES: 

CW  clod-  wise 
CCW  counter  clockwise 
DAD  pan  nt  of  nod  ■  up  a  tree  dructure 
w\'  de'-ci.-'vi.. nt  ot  ,i  nod-  down  a  tiee  structure. 

I  N  >«i  (in1-  k  for  nriu  *,  polygon  within 
d.  >  Greek  )n,-  outside,  sui r ounding  polygon. 

/■L  i  ;it>  i  note 

•'K"  j  ncy,.,i iv<'  islyjon. 

•’G'jf'J  positive  polygon 

I'.Tl, Ml  negative  m  teal  time,  into  tne  post 

PTI.V.E  positive  m  real  time,  into  die  future 

13  DATUM  i JAMES; 

Coc  ••on  daturas. 

type  type  of  node  hits. 

rfluc  rellocaticn  ot  node  bits. 

Fixed  point  datums. 

row  of  image  loen 
column  of  irnu/-  heu- 
contiast  of  an  < .  ,  .actor  and  arc. 
number  count,  s  ;,r,ou:.  uses. 

I  lc  ting  point  datums. 

z  depth  from  .mc-ra  lens  center, 
length  of  pL  rinv.’-  r 
at  td  in  pi  ■  el  unit ... 
moment  of  inertia  .beat  X  axis, 
moment  of  mm  ho  abri.it  Y  axis, 
moment  of  inertia  aboi.it  Z  axis, 
product  of  inertia  with  respect 
to  the  X  and  Y  ax  us. 


.'depth 
PC  I  111 

a  i  ea 

mxx 

myy 

rnzz 

pxy 


row 

col 

erti  -t 
rent 
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DM  A  SiRu  ru.<D:  Ilk  KINGS,  iRLLS,  LISTS  AND  ARRAYS. 


CRF  input'',  n  image  into  on  on ay  caILd  TVBUF;  it  mokes  the  node  structures, 
some  of  which  .-.re  tumpoi  try,  and  it  outputs  a  final  version  of  the  structure  representing 
d  film  of  rr..,  ■  The  temporary  structure,  are  relevant  to  understanding  the  process; 
but  only  the  tinal  structure  is  relevant  to  using  CRE  output.  In  summary,  the  important 
structui  es  ar  e; 

FOUR  KINGS 

1  irn.i  ;•  >  ring  of  I  he  film 

2  l.ow  I  ring  of  an  image. 

3  Kobe,  ;n  i  ing  of  ,j  ievU. 

A.  Vector  ring  of  a  polygon. 

"I  Wu  IKlLu 

1  The  tree  of  ungs 

2.  The  tree  of  nested  polygons. 

TWO  l  iSTS. 

1  Time  line  lists. 

?  Flic  r  mpty  nocr  list 

TEN'.t'f  RAuY  STRUCTURES- 

1.  A/c  lings  or  polygons 

2.  Fusion  shape  tings  o*  levels. 

FiVi  ARRAYS 

I  TVb'Ur  -  216  row  ,  2Ga  columns  of  6  bit  bytes. 

?.  i5 AC  -  216  i  o  v  ,  2C3  columns  of  1  bit  bytes. 

3  V'EH  216  rows,  23C|  columns  of  1  bit  bytes. 

•T  K~>EG  •*  21  7  re  •  ,  23S  'oHinv  .  of  1  bit  bytes. 

‘v  SKY  -  216  in'.1.  ,  •  3  i  r oi  of  18  bit  nytes. 

in'  '  i  oi"  iilm  ned  liv:  filri  (.ompc  eci  of  a  ring  of  images.  Each  image  is 
c  on  .  '  ;  -ig  f  i'v  Fa*h  'eve!  composed  of  a  ring  of  polygons.  Each 

I  oi  m  '  ci  i ; .i o ■  od  of  nip  et  •  ecto.  s  Tne  ring  structures  are  implemented  with  the 

fci  *  1 1 nr  '  i.'  i  PAD,  cuN,  CW  me.  CCW  The  rings  are  headless  only  in  the  sense  that 

ail  i .he  Li,  if  of  a  ring  am  brothers,  a  pointer  to  the  head  of  a  ring  is  stored  in  the 

PAD  Imk  ot  Mi  eh  me nt  Tlx  DAO  of  the  film  node  is  NIL;  and  NIL  is  an  18-bit  zero 

TIv:  final  J  of  ill  vector  nodes  is  also  NIL.  The  DAD  and  SON  links  form  a  tree  of 
rings. 
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DATA  STRUCTURE:  1  HE  KINGS,  TREES,  LISTS  AND  ARRAYS. 


Besides  the  tree  of  rings,  theie  is  the  tree  of  nested  polygons.  The  nested 
polygon  tiee  is  implemented  with  the  four  links  named  ENDO,  EXO,  NGON  and  PGON.  The 
EXIT  of  a  polygon  points  at  its  surrounding  polygon.  The  ENDO  of  a  polygon  points  at  one 
of  the  polygons  that  may  be  enclaved  within  the  given  polygon;  and  the  NGON  and  PGON 
links  form  ,,  ling  of  polygons  that  have  the  same  EXO  polygon. 

The  time  line  lists  run  thru  arc  and  polygon  nodes.  In  the  simple  case,  the  time 
line  link-,  of  a  polygon  point  to  a  corresponding  polygon  in  the  image  previous  (NTIML)  or 
subsequent  tPTIME)  of  the  current  polygon;  the  correspondence  being  that  the  time 
polygon  is  exactly  the  same  intensity  at  nearly  the  same  location,  orientation,  and  size  as 
the  given  polygon.  In  the  case  of  polygon  fusion,  the  time  line  link  of  a  polygon  points  to 
a  tune  polygon  of  which  the  given  polygon  becomes  a  part.  In  the  case  of  polygon 
fisrion,  the  time  line  link  of  a  polygon  points  to  only  one  the  pieces  into  which  the  given 
polygon  splits. 


The  time  line  links  of  an  arc  vector  |  oint  to  a  corresponding  arc  vector  in  the 
image  previous  or  subsequent  of  the  current  arc  vector.  The  polygons  of  arc  vectors 
mated  in  time  are  themselves  mated  in  time,  because  after  polygon  time  line  links  have 
been  made,  one  polygon  is  temporarily  translated,  rotated  and  dilated  so  as  to  have  the 
same  lamina  inertia  tensor  as  its  mate,  that  is  the  locus  of  the  arc  vectors  of  one  polygon 
are  temporarily  altered,  then  the  corresponding  arc  vectors  are  found  and  their  time  line 
linkages  are  made 


The  empty  node  list  is  maintained  in  the  CCW  link  positions;  the  last  empty  node 
contains  a  zero  link  All  nodes  are  explicitly  made  from  and  killed  to  the  empty  node  list 
by  the  subroutines  MKNODE  and  KLNODE. 

The  arc  ring  of  a  polygon  is  just  like  a  vector  ring  except  that  the  pointer  to  it  is 
stored  in  the  ALT  link  of  the  polygon,  while  the  polygon  has  both  a  ring  of  vectors  and  a 
ring  of  arcs. 


The  fusion  shape  nng  of  a  intensity  level  runs  thru  the  CW  and  CCW  links  of 
shape  nodes  and  is  pointed  at  by  the  ALT  link  of  the  level.  Fusion  shape  nodes  are  the 
shapes  generated  to  represent  pairs  of  polygons  unmated  in  time. 
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DATA  STRUCTURE:  TYPE  BITS 

Each  node  hcr-  a  word  reserved  (or  a  boolean  vector  of  36  values,  or  bits  The 
first  eighteen  bits  are  called  the  type  bits  and  are  individually  named  as  follows: 


*  •-* 


f  oi  0 

WESWIT 

westward  vector. 

voctoi r- 

1  SOUBIT  southward  vector. 

only  2 

E  A  SBIT 

eastward  vector. 

3 

NORBIT 

northward  vector. 

4 

NFUSE 

NTIME  polygon  fusion. 

5 

NFIGS 

NTIME  polygon  fission. 

for  6 

NEXCT 

NTIME  polygon  exact  match. 

polygon- 

only  7 

PFUSE 

PTIME  polygon  fusion. 

O 

u 

PFISS 

PTiME  polygon  fission. 

9 

PEXCT 

PTIME  polygon  exact  match. 

10 

HOLBIT 

Hole  polygon  bit. 

modify  1  1 

ARCBIT 

Arc  vector  bit. 

12 

SBIT 

Shape  node  bit. 

13 

VBIT 

Vertex  node  bit. 

14 

PBIT 

Polygon  node  bit. 

kind 

15 

LBIT 

U"'cl  node  bit. 

16 

IBIT 

image  node  bit. 

1  7 

FBI'I 

Film  node  bit. 

The  lii st  four  bits  WESI3IT,  SOUBIl,  EASBIT  and  NORBIT  apply  only  to  vectors  and 
indii  .-.i  the  - ui  a  ction  of  the  vector.  The  not  six  bits  NFUSE,  NFISS,  NEXCT,  PFUSE, 
*  Pf-’lb  >,  REXCT  are  set  by  the  polygon  compare  routine  to  indicate  the  kind  of  time  mating 

found,  wh<  ie  W  and  P  mi  .n  negative  time  or  postive  time  linkage;  fusion  means  that  the 
given  poly on  and  another  polygon  fuse-  to  form  the  time  polygon,  two  into  one;  fission 
rne.iiv.  the  gi\en  polygon  splits,  one  into  two;  and  exact  means  that  the  given  polygon 
match-,,  one  for  one  with  its  time  polygon 

f  The  next  two  bits  HOLBIT  and  ARC13IT  indicate  distinguished  polygons  and  vectors 

rospertiv*  ly.  Only  one  of  the  last  six  bits:  SBIT,  VBIT,  PBIT,  LBIT,  IBIT  and  FBIT  may  be 
on  m  d  node.  These  bits  indicate  the  node's  type. 


t 


*v 
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DATA  STRUCTURE:  RELOCATION  BITS. 


The  next  eighteen  bits  are  called  the  reloc  bits  and  indicate  whether  or  not  a  link 
is  stored  in  a  particular  position  of  the  node.  The  relocation  bits  are  used  to  compact 
the  CRF.  node  space  for  output 

1 8  unused 

1 9  CAR(WORDO) 

20  CDR(WORDO) 

2 1  unused 

22  CAR(WORDl) 

23  CDR(WORDl) 

24  unused 

25  CAR(  W0RD3) 

26  CDR(W0RD3) 

27  unused 

28  CAR(W0RD4> 

29  CDR(WORD4) 

30  unused 

31  CARt  WORDS) 

32  CDRr  WORDS) 

33  unused 

34  CAR(WORDG) 

35  CDR(WQRDG) 

The  CAR  of  a  word  is  the  left  half.  The  CDR  of  a  word  is  the  right  half.  In  the 
node,  diagrams  the  relocation  of  each  word  is  indicated  directly  to  its  right  as  0,  1,  2  or  3 
meaning  no  relocation,  left  only,  right  only,  and  relocate  both  halves,  respectively. 


1.  VECTOR  A  2  ARC  NODE  FORMAT. 


1  li  H  r | 

(LIT - 

t  ecu'  - 

Vf?c  to 

"  r  i  nci 

ni'ir  fi 

DAti 

‘SON - 

l 

pc  1  ijrion 

arc  r r  vector 

hi  i  a 

type 

f  P  1  ric 

'003 

i  k  ii  i  i 

r  on 

l  -  1 

-■ 

0000.00 

0000. 00 

■  M  >■  i'i 

entrst 

1 1C  1 1 1. 

‘4 

1  t-nyl.  h 

lint  1 

r, 

zdepth 

in  r '  1 

1 

r, 

NT  1  fIC  time 

1  ine  PTIflE 

_ 

3 

3 

0 

0 

0 

3 


The  format  of  vectors  and  arcs  is  identical.  Inside  CRE  the  term  "vector"  has  the 
connotation  of  being  strictly  a  horizontal  or  vertical  generated  by  the  contouring  step, 
whereas  on  arc  is  a  vector  generated  by  the  smoothing  step.  Vectors  contain  the 
fundamental  geometric  datum  of  an  image  locus.  The  image  locus  is  stored  in  the 
halfword  datums  named  row  and  col,  which  contain  the  row  and  column  of  a  point  in  units 
1/64  of  a  pixel.  (A  "pixel"  is  a  "picture  element").  Vectors  and  arcs  also  contain  the 
photometric  datum  of  edge  contrast. 

Vectors  always  belong  to  a  polygon  node,  a  pointer  to  the  polygon  of  each  vector 
is  stored  in  the  link  named  DAD,  as  members  of  a  polygon  the  vectors  form  a  loop  which 
is  always  connected  so  that  each  vertex  has  a  neighboring  vertex  in  the  clockwise  and  in 
the  counter  clockwise  directions  about  the  polygon’s  perimeter;  these  perimeter  pointers 
are  stored  in  the  link  positions  named  C W  and  CCW  Vectors  never  cross,  arcs  cross  on 
occasr.ions  but  can  be  fixed. 

'’he  nent  datum  of  arcs  and  vectors  contains  their  length.  The  time  line  links, 
NTIME  and  PTIME,  may  point  to  a  corresponding  arc  or  vector  in  the  image  previous  or 
subsequent  to  the  current  image.  (The  zdepth  datum  contains  a  positive  number 
indicating  distance  from  the  camera’s  image  plane;  the  zdepth  computation  is  not  properly 
implemented  as  of  May  1973).  3 
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3,  POLYGON  NODE  FORMAT. 


m  ii  d 

n 

( d  "i  ret] - 

polygon  t  ing 

IIOI  0 

1 

LAD 

1  eve  1 

■  im - 

1st  vector 

111.11'fl 

tape 

IO 

re  loc 

33  3233 

nerd 

T> 

LTjbti 

1st  polygon  iiithin 

Dtti 

polygon  surround  me 

UOM 

4 

AlF 

shape  lor  let  and 

nent 

number  of  sides 

uui  d 

nurd 

6 

TJGOfd 

nest  bno  polygon 

F'CuN 

nest  sis  polygon 

NTIME  t i me 

tine  PTIME 

3 

3 


3 

2 

3 

3 


Every  polygon  belongs  to  a  level  pointed  at  by  the  DAD  link;  the  ring  of  polygons 
of  a  level  m  formed  in  the  CW  and  CCW  links;  the  son  of  a  polygon  is  its  first  vector  (or 
arc  after  the  polygon  has  been  smoothed)  and  that  first  vector  has  the  upper  left  most 
locus  of  any  vector  of  the  polygon. 


The  ENDO,  EXO,  NGON,  PGON  are  used  to  form  the  nested  polygon  tree.  Every 
polygon  has  non-NIL  NGON  and  PGON  links;  the  trivial  case  being  that  the  polygon  points 
at  itself  twice.  Every  polygon  except  one,  the  outer  border  polygon,  has  a  non-NIL  EXO 
link.  Every  polygon  that  surrounds  one  or  more  other  polygons  has  a  non-NIL  ENDO  link 


The  ALT  link  position  of  a  polygon  temporarily  points  to  the  first  arc  of  a  polygon 
during  smoothing  when  a  polygon  has  both  vectors  and  arcs.  The  final  contents  of  the 
ALT  link  is  a  poster  to  the  shape  node  of  the  polygon.  The  nent  datum  indicates  the 
number  of  sides  of  the  polygon. 


The  time  line  of  polygons  runs  thru  the  NTIME  and  PTIME  links  which  point  either 
to  a  nearly  exact  match  of  a  polygon;  or  to  a  fusion  polygon  of  a  two  for  one  match;  or 
to  one  of  the  two  fission  parts  of  a  one  for  two  match;  (to  find  the  other  fission  part  ’the 
time  links  of  the  vectors  must  be  scanned). 


4.  SHAPE  NODE  FORMAT. 


} 


> 


t 


r 


! 


1 J.  *f  ll 

'  O'J  ’  ‘  i 

ccir^ 

n 

fur  ion  she 

ipt  rincj 

HOI  d 

1 

perm 

area 

lint'  r| 

tope 

re  1  oc 

10 

30  0030 

not  r! 

t  on 

col 

0000. 00 

0000.00 

lior  r| 

mzz 

4 

proclur  t  of  inei  t  in 

Z-ax  c,  moment 

inn  rl 

NGUfi 

PGOfi- 

s 

fus.on  polygon 

main  polygon 

lim  Cl 

nix* 

myy 

I.  |  X  axis  moment  ’i-axis  moment 


3 

0 


0 


e 


3 

0 


X 

Tin*  shape  node  contains  the  data  necessary  for  normalizing  two  oolygons  so  that 
only  then  .hapes  remain.  In  particular,  the  tow  and  col  of  a  shape  node  is  the  center  of 
rnoos  of  the  polygon;  area  is  the  area;  perm  is  the  length  of  perimeter;  and  mxx,  myy, 
mzz,  pxy  is  the  polygons  inertia  tensor  (from  which  the  principle  angle  of  orientation  can 
be  computed).  When  given  two  shapes,  the  centers  of  mass  may  be  aligned;  the 
principle  angles  may  be  align;  and  the  areas  (or  perimeter)  of  the  two  may  be  normalized. 


Them  are  two  kinds  of  shapes;  polygon  shapes  and  fusion  shapes.  Polygon  shapes 
correspond  to  a  ingle  polygon  pointed  at  by  the  PGON  link.  The  CW,  CCW  and  NGON 
links  of  it  polygon  shape  are  NIL.  Fusion  shapes  are  temporary  nodes  belongirg  to  a 
level  as  a  ring  thru  CW  and  CCW.  Fusion  shapes  correspond  to  the  summation  of  two 
unmet ed  polygons  which  are  pointed  to  by  the  NGON  and  PGON  links.  The  expressions 
relating  to  the  inertia  tensor  and  to  fusion  summation  are  given  in  the  section  on  polygon 
compai  mg. 

f  The  datums  named  perm,  area,  pxy,  mxx,  myy,  rnzz  contain  the  left  half  of  a 

PDP-IO  floating  number  (Technical  note;  half  of  a  floating  number  has  9  bits  of 
pn  ci  ion  ind  should  be  expanded  to  full  word  by  using  the  (mirabile  dictu  !)  HLLE 
instruction  m  order  to  avoid  cm  illegal  floating  zero  caused  by  truncating  numbers  like 
-1023.0;  in  CRE,  only  the  product  of  inertia  will  ever  be  negative). 

f 
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5.  LEVEL  NODE  FORMAT. 


nurd 

0 

”  TTT  '  •' 

1  eve ! 

[  era - 

r  i  ng 

him  d 

1 

=y  f — 

.§£ 

'D 

but) 

1st  polygon 

nor  d 

type 

re  1  oc 

33  0300 

Ill.M  d 

.s 

— 

nor  r! 

ALT 

(1st  fusion  shape) 

nen  t 

threshold  cut  level 

uriril 

b 

— 

— 

iioi  d 

6 

— 

...  .  _  _ 

Every  level  belongs  to  an  image  pointed  to  by  the  DAD  link;  fhe  ring  of  levels  of 
an  image  is  formed  in  the  CW  and  CCW  links;  the  son  of  a  level  is  its  first  poiygon  and 
that  first  polygon  is  the  upper  left  most  polygon  of  the  level. 

The  ncnt  datum  of  a  level  contains  its  threshold  cut  value,  which  is  an  integer 
between  -1  and  G3.  The  -1  level  is  always  generated,  and  it  contains  a  single  polygon 
with  four  'ides.  The  -1  level's  polygon  is  called  the  border  polygon;  the  fiction  being 
that  every  point  beyond  the  edges  of  the  television  picture  has  an  intensity  value  of  -2, 
which  is  blacker  than  black. 


The  ALT  link  of  a  level  contains  a  temporary  pointer  to  that  level’s  ring  of  fusion 
shapes  during  polygon  compare  time  mating. 
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6.  IMAGE  NODE  FORMAT. 


* 


t 


t 
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<r*' 


not'd 

0 

CU 

i  mage 

CCfl 

r  i  ng 

not'd 

1  * 

DaD 

film 

5QTT - 

1st  level 

Utirrl 

tope 

r  e  1  oc 

33  0000 

l  lot  rl 

— 

--- 

uord 

4 

— 

--- 

iioi  rl 

5 

— 

--- 

i  lord 

6 

--- 

3 

3 

0 

0 

0 

0 


Every  imago  belongs  to  the  film  pointed  to  by  the  DAD  link;  the  ring  of  images  of 
the  film  is  formed  in  the  CW  and  CCW  links;  the  son  of  an  image  is  its  first  level  and  that 
first  level  is  the  -1  intensity  cut  level  of  the  image. 

Although  an  affront  to  common  sense,  the  counter  clockwise  direction  about  the 
image  ring  is  positive  or  later  in  time  and  the  clockwise  direction  is  negative  or  earlier  in 
time  I  achieved  this  curio  by  consistently  adhereing  to  the  mathematical  convention  of 
co unto i  clockwise  as  positive;  and  a  day  came  when  counter  clockwise  around  a  ring  of 
real  time  events  was  represented  in  the  same  manner  as  counter  clockwise  around  a 
polygonal  nng  of  edges. 

All  the  empty  space  in  the  image  node  is  reserved  for  camera  specification  data. 


7.  FILM  NODE  FORMAT 


nor  cl 

0 

m - 

1st  empty 

HOI  r\ 

1 

DaIi 

0 

50R - 

1st  image 

m:  i  cl 
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re  1  oc 
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iiord 

— 

— 

IIOI  ll 
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11  ■>  cl 

5 
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— 

1  lot  ci 

G 

— 
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1 

3 

0 

0 

0 
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The  film  node  is  unique;  it  is  the  first  node  in  a  CRE  output  file;  the  SON  of  film  is 
its  first  image;  the  DAD  of  a  film  is  NIL;  the  CCW  of  a  film  is  a  pointer  to  the  1st  empty 
node,  however,  because  the  nodes  are  compacted  for  output  and  then  relocated  with 
respect  to  the  film  node;  the  final  empty  node  pointer  indicates  the  number  of  words  of 
data  in  the  CRE  file 
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8,  EMPTY  NODE  FORMAT, 
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The  list  of  empty  nodes  is  maintained  in  the  CCW  link  Dostion-  thp  lact  ^ 

contains  a  zero  or  ML  link.  A,  present  al,  Ike  other  words  oFan  ^pty  node  are^ro 


FIGURE  SHOWING  RASTER  STRUCTURE. 
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DATA  STRUCTURE:  IMAGE  .ARRAYS. 

As  mentioned  before,  there  are  five  arrays  in  CRE:  TVBUF,  Television  Buffer-  PAC 
Picture  Accumulator;  VSEG,  vertical  segments;  HSEG,  horizontal  segments;  and’  S«y' 
background  sky  blue  array.  The  dimensions  are: 

FIVE  ARRAYS. 

1.  TVBUF  -  216  rows,  288  columns  of  6  bit  bytes. 

2.  PAC  -  216  rows,  288  columns  of  1  bit  bytes 

3.  VSEG  -  216  rows,  289  columns  of  1  bit  bytes. 

4.  HSEG  -  21  7  rows,  288  columns  of  1  b!t  bytes. 

5.  SKY  -  216  rows,  289  columns  of  18  bit  bytes. 

Inside  CRE,  the  video  image  size  was  fixed  at  216  rows  of  288  columns  of  6  bits 
per  pixel  My  original  idea  was  to  write  a  vision  operator  that  would  be  applied  on  a 
small  fixed  sized  window;  ,o  I  have  had  windows  2  by  2;  2  by  3;  4  by  9  32  by  36-  72 
by  96;  and  216  by  288.  That  is  216^2*2*313*3  and  288=2*2*2*2*2*3*3  Having  a 
fixed  window  size  avoids  a  morass  of  word  packing,  array  allocation  and  window  splicing 
Having  a  window  size  constructed  out  of  powers  of  2  and  3  simplifies  what  word  packing 
is  required  and  allows  me  to  do  area  and  space  computations  in  my  head. 

The  image  arrays  of  CRE  are  of  course  two  dimensional  with  the  coordinates  in 
row  and  columns.  Row  number  increases  going  down  image,  in  the  negative  Y  axis 
direction,  which  is  also  called  the  direction  south.  Column  numbers  increase  going  right 
on  the  image,  in  the  positive  X  axis  direction,  which  is  also  called  the  direction  east. 
Video  picture  elements,  or  pixels’  are  thought  of  as  expressing  the  intensity  of  a 
square  cell,  the  cells  are  numbered  from  0  to  215  rows,  0  to  287  columns;  the  number 
of  a  cell  is  the  grid  locus  of  its  upper  left  (northwest)  corner;  the  center  locus  of  a  cell 
is  at  (row+1  /5,ccl+l/2).  A  pixel  cell  is  surrounded  by  four  segments;  the  horizontal 
s  'grnent^  are  numbered  0  to  216  rows,  0  to  287  columns;  the  number  of  an  HSEG  is  the 
grid  locus  of  its  left  (west)  end  point  The  vertical  segments  are  numbered  0  to  215 
rows,  0  to  288  columns;  the  number  of  a  VSEG  is  the  grid  locus  of  its  upper  (north)  end 
point  These  conventions  are  suggested  in  the  diagram  at  the  bottom  of  page  1  9. 
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FI  CURE  4  -  WATER  PUMP  VI  OEO  AND  SMOOTH  CONTOURS. 
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THE  ALGORITHM;  INTRODUCTION 
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CRE  consists  of  five  steps;  thresholding,  contouring,  nesting,  smoothing  and 
comparing  Thresholding,  contouring  and  smoothing  perform  conversions  between  two 
different  kinds  of  images.  Nesting  and  contouring  compute  topological  relationships  within 
a  given  image  representation.  In  summary  the  major  operations  are; 


MAJOR  OPERATION  OPERAND.  RESULT. 


1  THRESHOLDING; 
2.  CONTOURING: 

3  NESTING: 

4.  SMOOTHING; 

5.  COMPARING: 


6-BIT-.MAGE, 

1 -BIT-IMAGES, 
VIC-IMAGE, 
VIC-IMAGE, 
IMAGE  £  FILM, 


1 -BIT-, MAGES 
VIC-iMAGE. 
NESTED-VIC-IMAGE. 
ARC-IMAGE. 

FILM. 


Although  the  natural  order  of  operations  is  sequential  from  image  thresholding  to 
image  comparing;  in  order  to  keep  memory  size  down,  the  first  four  steps  are  applied 
one  intensity  level  at  a  time  from  the  darkest  cut  to  the  lightest  cut  (only  nesting 
depends  on  this  sequential  cut  order);  and  comparing  is  applied  to  whole  images. 

The  illustrations  on  pages  21  and  23  show  an  initial  video  image  and  its  final 
smoothed  contour  image,  the  illustrations  immediately  below  and  on°  page  24  the 
corresponding  intermediate  sawtoothed  contour  images.  The  illustrated  images  are  each 
composed  of  seven  intensity  levels,  and  took  16  seconds  and  13  seconds  to  compute 
respectively  (on  a  PDP-10,  2usec  memory).  The  final  CRE  data  structures  contained  6B0 
and  293  nodes  respectives,  which  comes  to  2K  and  4.5K  words  respectively;  the  initial 
video  image  requires  10  2K  words. 

FIGURE:  PUMP  SAW  TOOTHED  CONTOURS. 
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FI  GURE  5  -  BLOCK  SCENE  VI  DEO  AND  SMOOTH  CONTOURS. 
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1.  THRESHOLDING. 


Thresholding,  the  first  and  easiest  step,  consists  of  two  subroutines,  called 
THRESH  and  PACXOR.  THRESH  converts  a  6-bit  image  into  a  1-bit  image  with  respect  to 
a  given  threshold  cut  level  between  zero  for  black  and  sixty-three  for  light  All  pixels 
equal  to  or  greater  than  the  cut,  map  into  a  one;  all  the  pixels  less  than  the  cut,  map  into 
zeio  The  resulting  1-bit  image  is  stored  in  a  bit  array  of  216  rows  by  288  columns 
( 1  728  words)  called  the  PAC  (picture  accumulator)  which  was  named  in  memory  of 
McCormick  s  ILLI AC-Ill.  After  THRESH,  the  PAC  contains  blobs  of  bits.  A  blob  is  defined 
as  "rook's  move”  simply  connected;  that  is  every  bit  of  a  blob  can  be  reached  by 
horizontal  or  vertical  moves  from  any  other  bit  without  having  to  cross  a  zero  bit  or 
having  to  make  a  diagonal  (bishop’s)  move.  Blobs  may  of  course  have  holes.  Or 
equivdlently  a  blob  always  has  one  outer  perimeter  polygon,  and  may  have  one,  several 
or  no  inner  perimeter  polygons.  This  blob  and  hole  topology  is  recoverable  fromthe  CRE 
data  structure  and  is  built  by  the  nesting  step. 

Next,  PACXOR  copies  the  PAC  into  two  slightly  larger  bit  arrays  named  HSEG  and 
VSEG  Then  the  PAC  is  shifted  down  one  row  and  exclusive  OR’ed  into  the  HSEG  array; 
and  the  PAC  is  shifted  right  one  column  and  exclusive  OR’ed  into  the  VSEG  array  to 
compute  the  horizontal  and  vertical  border  bits  of  the  PAC  blobs.  Notice  that  this  is  the 
very  heart  of  the  "edge  <indcrM  of  CRE.  Namely,  PACXOR  is  the  mechanism  that  converts 
regions  into  edges. 
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2.  CONTOURING, 


Contouring,  converts  the  bit  arrays  HSEG  and  VSEG  into  vectors  and  polygons 
The  contouring  itself,  is  done  by  a  single  subroutine  named  MKPGON,  make  polygon. 
When  MKPGON  is  called,  it  looks  for  the  upper  most  left  non-zero  bit  in  the  VSEG  array 
If  the  VSEG  array  is  empty,  MKPGON  returns  a  NIL  However,  when  the  bit  is  found 
MKPGON  traces  and  erases  the  polygonal  outline  to  which  that  bit  belongs  and  returns  a 
polygon  node  with  a  ring  of  vectors. 


To  belabor  the  details  (for  the  sake  of  later  complexities);  the  MKGON  trace  can 
go  in  four  directions:  north  and  south  along  vertical  cc1  jmns  of  bits  in  the  VSEG  array  or 
east  and  west  along  horizontal  rows  of  the  HSEG  array  The  trace  starts  by  heading 
south  until  it  hits  a  turn;  when  heading  south  MKPGON  must  check  for  first  a  turn  to  the 
east  (indicated  by  a  bit  in  HSEG);  next  for  no  turn  (continue  south);  and  last  for  a  turn  to 
the  west  When  a  turn  is  encountered  MKPGON  creates  a  vector  node  representing  the 
run  of  bits  between  the  previous  turn  the  present  turn.  The  trace  always  ends 
heading  west  bound.  The  outline  so  traced  can  be  either  the  edge  of  a  blob  or  a  hole 
the  two  cases  are  distinguished  by  looking  at  the  VIC-polygon’s  uppermost  left  pixel  in 
the  PAC  bit  array, 


There  are  two  complexities:  contrast  accumulation  and  dekinking.  The  contrast  of 
a  vector  is  defined  as  (QUOTIENT  (DIFFERENCE  (Sum  of  pixel  values  on  one  side  of  the 
vectorXSum  of  pixel  values  on  the  other  side  of  the  vector))  (length  of  the  vector  in 
pixels)).  Since  vectors  are  always  either  horizontal  or  vertical  and  are  construed  as 
being  on  the  cracks  between  pixels;  the  specified  summations  refer  to  the  pixels 
immediately  to  either  side  of  the  vector.  Notice  that  this  definition  of  constrast  will 

always  give  a  positive  contrast  for  vectors  of  a  blob  and  negative  contrast  for  the 
vectors  of  a  hole. 


The  terms  jaggies  ,  kinks  and  sawtooth"  all  are  used  to  express  what  seems  to 
be  wrong  about  the  lowermost  left  polygon  on  page  25.  The  problem  involves  doing 
something  to  a  rectilinear  quantized  set  of  segments,  to  make  its  linear  nature  more 
evident  The  CRE  jaggies  solution  (in  the  subroutine  MKPGON)  merely  positions  the 
turning  locus  diagonally  off  its  grid  point  alittle  in  the  direction  (northeast,  northwest 
southwest  or  southeast)  that  bisects  the  turn’s  right  angle.  The  distance  of  dekink 
vernier  positioning  is  always  less  than  half  a  pixel;  but  greater  for  brighter  cuts  and  less 
for  the  darker  cuts;  in  order  to  preserve  the  nesting  of  contours.  The  saw  toothed  and 
the  dekinked  versions  of  a  polygon  have  the  same  number  of  vectors.  I  am  very  fond  of 
this  dekinking  algorithm  because  of  its  incredible  efficiency;  given  that  you  have  a  north 
south,  east,  west  polygon  trace  routine  (which  handles  image  coordinates  packed  row 
column  into  one  accumulator  word);  then  dekinking  requires  only  one  more  ADD* 
instruction  execution  per  vector  ! 


3.  NESTING. 


The  nesting  problem  is  to  decide  whether  one  contour  polygon  is  within  another 
Although  easy  in  the  two  polygon  case;  solving  the  nesting  of  many  polygons  with 
respect  to  each  other  becomes  n-squared  expensive  in  either  compute  time  or  in 
memory  space.  The  nesting  solution  in  CRE  sacrifices  memory  for  the  sake  of  greater 
speed  and  requires  a  31 K  array,  called  the  SKY. 


..  .  CRE-s  accumulation  of  a  properly  nested  tree  cf  polygons  depends  on  the  order  of 

hreshold  cutting  going  from  dark  to  light.  For  each  polygon  there  are  two  nesting  steps: 
first,  the  polygon  is  placed  in  the  tree  of  nested  polygons  by  the  subroutine  INTREE- 
second,  the  polygon  is  placed  in  the  SKY  array  by  the  subroutine  named  INSKY. 


The  SKY  array  is  216  rows  of  289  columns  of  18-bit  pointers.  The  name  "SKY" 
came  about  because,  the  array  use  to  represent  the  furthest  away  regions  or 
background,  which  in  the  case  of  a  robot  vehicle  is  the  real  sky  blue.  The  sky  contains 
vector  pointers;  and  would  be  more  efficient  on  a  virtual  memory  machine  that  didn’t 
allocate  unused  pages  of  its  address  space.  Whereas  most  computers  have  more 
memory  containers  than  address  space;  computer  graphics  and  vision  might  be  easier  to 

program  in  a  memory  with  more  address  space  than  physical  space;  i.e.  an  almost  empty 
virtual  memory.  K  3 


The  first  part  of  the  INTREE  routine  finds  the  surrounder  of  a  given  polygon  by 
scanning  the  SKY  due  east  from  the  uppermost  left  pixel  of  the  given  polygon  The  SON 
of  a  polygon  is  always  its  uppermost  left  vector.  After  INTREE,  the  INSKY  routine  places 
pointers  to  the  vertical  vectors  of  the  given  polygon  into  the  sky  array. 


The  '  econd  part  of  the  INTREE  routine  checks  for  and  fixes  up  the  case  where  the 
new  polygon  captures  a  polygon  that  is  already  enclaved.  This  only  happens  when  two 
or  more  levels  0f  the  image  have  blobs  that  have  holes.  The  next  paragraph  explains 
the  arcane  details  of  fixing  up  the  tree  links  of  multi  level  hole  polygons  and  the  box 

following  that  is  a  quotation  from  the  appendix  of  Krakauer  thesis  [31  describing  his 
nesting  algorithm.  6 
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3  NESTING 


Let  the  given  polygon  be  named  Poly;  and  let  the  surrounder  of  Poly  be  called 
Exopoly;  and  assume  that  Exopoly  surrounds  several  enclaved  polygons  called  "endo’s", 
which  are  already  in  the  nested  polygon  tree.  Also,  there  are  two  kinds  of  temporary 
lists  named  the  PUST  and  the  NLIST.  There  is  one  PLIST  which  is  initially  a  list  of  all  the 
ENDO  polygons  on  Exopoly’s  ENDO  ring.  Each  endo  in  turn  has  an  NLIST  which  is  initially 
empty.  The  subroutine  INTREE  re-scans  the  sky  array  for  the  polygon  due  east  of  the 
uppermost  left  vector  of  each  endo  polygon  on  the  PLIST,  (Exopoly’s  ENDO  ring).  On 
such  re-scanning,  (on  behalf  of  say  an  Endol),  there  are  four  cases: 

1.  No  change,  the  scan  returns  Exopoly; 
which  is  Endol’s  original  EXO. 

2.  Poly  captures  Endol;  the  scan  returns  Pcly  indicating 
that  endol  has  been  captured  by  Poly. 

3.  My  brothers  fate;  the  scan  hits  an  endo2  which 

is  not  on  the  PLIST;  which  means  that  endo2’s  EXO  is  valid 
and  is  the  valid  EXO  of  endol, 

4.  My  fate  delayed;  the  scan  hits  an  endo2  which  is  still 
on  the  PLIST;  which  means  that  endo2’s  EXO  is  not  yet 
valid  but  when  discovered  it  will  also  be  Endol’s  EXO; 
so  Endol  is  CONS’ed  into  Endo2’s  NLIST. 

When  an  endo  polygon’s  EXO  has  been  re-discovered,  then  all  the  polygons  on 
that  endo's  NLIST  are  also  placed  into  the  polygon  tree  at  that  place.  All  of  this  link 
crunching  machinery  takes  half  a  page  of  code  and  is  not  frequently  executed. 

KRAKAUER’S  NESTING  ALGORITHM. 
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lie*  ..i.e  *.*  krd  point  tn  » fir  nr>l  ,  hut  ..(ways  keeping  ,.n  iinmaikrd  point  In  the 

i  «.|!.|  •  nl.-  ft'  it  ini'  .  it  ir  nii'i  tin*  macks,  so  that  Inr  n  region  with  sennlh 

hniimt.ii  II".  .  it  Mill  I  n  |  |  ii  w  ■  «  -I'll.. I  p..rh  tn  Mi-'  |  inter,  "rating  up*  tin’  *arks  ns  it  gnrs. 

like  a  lathe*  i-illi  On  Innl  i  lint  Mina  I  1  v  idvam  M.'|  mtn  I  fir  work.* 

**f|<,  tin1  i  mi  t  i  -|.i  1 1  r  cniiliiii*  si  .hi*.  .  it  Inys  down  hark  pointers  in  thr  serntch  nrr«y 

mIiiiIi  cn.lile  it  In  lit . t  .  path  h  •»  k  to  the  stall.  If  a  died  rnd  is  rraijird  tnn  ant  c 

m.«r  v  i  .1  MC- .  .ilil.ni  I.  it  liners  Inn  k  .i  l  ••  <•••  this  path,  lenking  Inf  marked  points  tn  the 
i  mht  I  lire  e  i  m  In  nn  •nkril  piinitv.  nn  the  It  It  si  <Jo  while  b  m  k  t  (  «r  k  i  n<j .  since  tins  was 
I  In  i  imM  Mile  mi  the  way  nut.  find  Ihe*  outgoing  'inn  stayed  MS  fnr  to  the  right  P*. 

I  fiMsil.lr  II  a  marked  pnml  r.  found  nn  thr  |.aikli*ir.  il  ,%  rrplnrrd  with  n  pointer  tn 

th«-  »*.h  i.*i  ut  path  altia-ly  It  .n  nl  out . .  thin  a  urw  path  is  trmrd  ns  if  Ihts  werr  h  nrw 

|  ar  t  i  ii*i  point  Uhro  llir  h.nktfair  i  rm  hr*.  thr  original  starting  point,  the  contiguity 
■ion  is  romp  let  i  il.  Il.r  rlleit  nl  tin-  atgnrithm  is  to  mnslrtut  a  trer  of  polntrrs  in 
thr  srrntrh  >■  i  ay  •  with  thr  starling  pninl  at  thr  root  fill  pninls  whtrh  Can  he  ranched 
via  a  i  iiiim.i  ti  «(  path  fine  llir  start  mg  poml  will  l.r  r«  pnr  t  of  this  tire." 
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4.  SMOOTHING. 


In  CRE  the  term  "smoothing'  refers  •’lore  to  the  problem  of  breaking  a  manifold 
(polygon)  into  functions  (arcs),  rather  than  to  the  problem  of  fitting  functions  to  measured 
data  The  smoothing  step,  converts  the  polygons  of  vertical  and  horizontal  vectors  into 
polygons  of  arcs.  For  the  present  the  term  "arc"  means  "linear  arc"  which  is  a  line 
segment.  Fancier  arcs:  circular  and  cubic  spline  were  implemented  and  thrown  out 
mostly  because  they  were  of  no  use  to  higher  processes  such  as  the  polygon  compare 
which  would  break  the  fancier  arcs  back  down  into  linear  vectors  for  computi  <g  areas, 
inertia  tensors  or  mere  display  buffers. 


Smoothing  is  applied  to  each  polygon  of  a  level.  To  start  the  smoothing,  a  ring  of 

two  arcs  is  formed  (a  bi-gon)  with  one  arc  at  the  uppermost  left  and  the  other  at  the 

lowermost  right  of  the  given  vector  polygon.  Next  a  recursive  make  arc  operation, 
MKARC,  is  is  appled  to  the  two  initial  arcs.  Since  the  arc  given  to  MKARC  is  in  a  one  to 
one  correspondece  with  a  doubly  linked  list  of  vectors;  MKARC  checks  to  see  whether 

each  point  on  the  list  of  vectors  is  close  enough  to  the  approximating  arc.  MKARC 

returns  the  given  arc  as  good  enough  when  all  the  sub  vectors  fall  within  a  given  width; 
otherwise  MKARC  splits  the  arc  in  two  and  places  a  new  arc  vertex  on  the  vector 
vertex  that  was  furthest  away  from  the  original  arc. 


The  two  large  images  in  figure-7,  illustrate  a  polygon  smoothed  with  arc  width 
tolerances  set  at  two  different  widths  in  order  to  show  one  recursion  of  MKARC.  The 
eight  smaller  images  illustrate  the  results  of  setting  the  arc  width  tolerance  over  a  range 
of  values.  Because  of  the  dekinking  mentioned  earlier  the  arc  width  tolerance  can  be 
equal  to  or  less  than  1.0  pixels  and  still  expect  a  substantial  reduction  in  the  number  of 
vectors  it  takes  to  describe  a  contour  polygon. 


A  final  important  smoothing  detail  is  that  the  arc  width  tolerance  is  actua"y  taken 
as  a  function  of  the  highest  contrast  vector  found  along  the  arc;  so  that  high  contrast 
arcs  are  smoothed  with  much  smaller  arc  width  tolerances  than  are  low  contrast  arcs. 
After  smoothing,  the  contrast  across  each  arc  is  computed  and  the  ring  of  arcs  replaces 
the  ring  of  vectors  of  the  given  polygon.  (Polygons  that  would  be  expressed  as  only  two 
arcs  are  deleted). 


FI  GURE  9  -  POLYGON  COMPARE  AND  U  NK. 


b.  COMPARING. 


The  compare  step  of  CRE,  CMPARE,  connects  the  polygons  and  arcs  of  the  current 
image  with  corresponding  polygons  and  arcs  of  the  previous  image.  CMPARE  solves  the 
problem  of  correlating  features  between  two  similar  images  and  is  composed  four  sub 
sections 


1.  make  shape  nodes  for  polygons. 

2  compare  and  connect  polygons  one  to  one. 

3  compare  and  connect  polygons  two  to  one. 

4  compare  and  connect  vertices  of  connected  polygons. 

First,  the  shape  nodes  of  all  the  polygons  of  an  image  are  computed.  The  shape 
node  contains  the  center  of  mass  and  the  lamina  inertia  tensor  of  a  polygon.  The  lamina 
inertia  tenso.  of  a  polygon  with  N  sides  is  computed  by  summation  over  N  trapezoids. 
The  trapezoid  corresponding  to  each  side  is  formed  by  dropping  perpendiculars  "up1*  to 
the  lop  of  the  image  frame;  each  such  trapezoid  consists  of  a  rectangle  an  a  right 
triangle,  since  the  sides  of  polygons  are  directed  vectors  the  areas  of  the  triangles  and 
rectangles  can  be  uranged  to  take  positive  and  negative  values  such  that  a  summation 
will  describe  the  interior  region  of  the  polygon  as  positive.  The  equations  necessary  for 
computing  the  lamina  meitia  tensor  of  a  polygon  are  collected  in  a  table  in  the 
postscripts  to  this  paper  and  were  derived  by  using  Goldstein’s  Classical  Mechanics  [1] 
as  a  reference.  The  meaning  of  the  inertia  tensor  is  that  it  characterizes  each  polygon 
by  a  rectangle  of  a  certain  length  and  width  at  a  particular  location  and  oriention;  and  of 
further  importance  such  inertia  tensors  can  be  "added"  to  characterize  two  or  more 
polygons  by  a  single  rectangle.  It  is  the  lamina  inertia  tensor  rectangles  that  are  actually 
compared  by  CRE 

Second,  all  the  shapes  of  the  polygons  of  one  level  of  the  first  image  are 
compared  with  all  the  shapes  of  the  polygons  of  the  corresponding  level  of  the  second 
image  for  nearly  exact  match.  The  potentially  (M*N/2)  compares  is  avoided  by  sorting 
on  the  center  of  mass  locations  In  CRE,  which  is  intended  for  comparing  sequences  of 
pictures  of  natural  scenes;  match  for  center  of  mass  location  is  tested  first  and  most 
strictly,  followed  by  match  for  inertia.  Pointers  between  matching  polygons  are  placed  in 
the  time  link  positions  of  the  polygon  nodes  and  the  polygons  a.'e  considered  to  be  mated 
in  time 


5  COMPARING. 


Third,  all  the  unmated  polygons  of  a  level  are  considered  two  at  a  time  and  a 
fusion  shape  node  for  each  pair  is  made,  The  potentially  (N*N/2-N)  fusion  shapes  are 
avoided  because  there  is  a  maximum  possible  unmated  inertia  in  the  other  image;  if  there 
are  no  unmated  polygons  in  one  image  then  the  extra  polygons  of  the  first  image  can  be 
ignor  ed.  In  the  event  where  there  are  unmated  polygons  in  corresponding  levels  of  the 
two  images,  the  fusion  shapes  of  one  are  compared  with  the  polygon  shapes  of  the  ether 
The  fusion  (fission)  compare  solves  the  rather  nasty  problem,  illustrated  in  figures  9A 
and  9B  of  linking  two  contour  polygons  of  one  image  with  a  single  contour  polygon  in  the 
next  image. 

Fouith,  the  vertices  of  polygons  mated  in  time  are  compared  and  mated.  To  start 
a  vertex  compare,  the  vertices  of  one  polygon  are  translated,  rotated  and  dilated  to  get 
that  polygon's  lamina  inertia  tensor  coincident  with  its  mate  (or  mates).  Conceptually, 
each  vertex  of  one  polygon  is  compared  with  each  vertex  of  the  other  polygon(s)  and 
the  mutually  closest  vertices  (closer  than  an  epsilon)  are  considered  to  be  mated. 
Actually  the  potential  (N*M)  compares  is  avoided  by  a  window  splitting  scheme  similiar  to 
that  used  in  hidden  line  elimination  algorithms  (like  Warnock’s). 

The  results  of  vertex  compare  and  mate  are  illustrated  in  figures  9A  and  9D;  the 
compare  execution  takes  less  than  a  second  on  images  such  as  the  pump,  blocks,  and 
dolls  that  have  appeared  in  this  paper.  The  applications  of  this  compare  might  include 
the  aiming  of  a  pixel  correlation  comparator  (such  as  Quam’s);  recognition  and  location  of 
an  expected  object;  or  the  location  and  extent  of  an  unknown  object.  It  is  this  latter 
application  that  will  be  described  in  my  forthcoming  thesis. 


III.  USING  CRE 


A.  PRIMER  ON  RUNNING  CRE. 
8.  TELETYPE  COMMANDS 

C.  SAIL  INTERFACING. 

D.  LISP  INTERFACING, 


PRIMER  ON  RUNNING  CRE. 


Single  Image  Contouring 

Thn  rt<  I'ford  copy  of  CRE  n  run  by  typing  "R  CRE".  CRE  displays  only  on  a  III  console,  however 
t  will  work  (without  displays)  when  run  from  a  Data  Disc  console  The  command  scanner  is  a  simple 
c Tun  acter  jump  table;  the  command  scanner  will  type  an  asterisk  when  it  is  listening  for  teletype  input. 
Carriage  returns  following  commands  are  unnecessary  but  harmless;  most  commands  signal  their 
completion  by  displaying  something  or  by  typing  a  carriage  return.  Some  commands  require 
arguments  or  file  names.  The  question  mark,  command  will  display  a  summary  of  alt  the  other 
commands. 

Command  characters  may  he  modified  by  the  control  and  meta  shift  keys;  such  keying  will  be 
indicated  in  this  document  by  the  prefixing  the  characters  V",  and  V  to  indicate  control,  meta  or 
both  meta  control  shift  keying  respectively. 

The  command  "T"  will  take  a  four  bit  television  picture  from  camera  number  one.  The  command 
"H"  will  display  a  histogram  of  the  television  picture  The  command  character  SPACE  will  refresh  the 
image  you  had  before  the  histogram  display  The  command  ”C”  followed  by  a  list  of  octal  numbers 
followed  by  a  carriage  return  will  make  a  contour  image  and  display  it  Thus  the  teletype  discourse 
for  taking  and  contouring  a  single  television  image  should  have  the  following  appearance: 


1C 


.R  CRE 

*T 

*M 

•*C20  40  60 


All  I  he  images  in  this  document  were  made  with  3  or  7  equally  spaced  contours;  for  which  cases 
the  commands  "Q”  and  VQ"  will  automatically  specify  contour  cuts  are  20,  40,  60  or  10,  20,  30,  40 
50,  60,  70  respectively. 


FRIML.R 


IMAGE  INPUT,  OUTPUT  AND  XGP'tng. 

After  you  have  an  image  and  its  contour;  you  can  save  one  or  the  other  or  both  on  disk  files- 
01  pr  nt  one  0r  the  other  The  "0"  command  will  output  a  video  image  file,  in  the  new  hand-eye  200 
octal  word  i  eader  format.  The  "I"  will  input  a  video  image  from  such  a  hand-eye  file;  if  the  file  is  not 
‘  16  n  2**-  ,,e<1  ,he  CPn,er  of  image  will  be  placed  coincident  w‘h  the  center  of  a  216  by  288 
window  and  the  image  will  be  repacked  with  undefined  pixels  set  to  zero.  Both  the  "I"  and  the  "0“ 
command'  will  .<k  for  a  filename,  if  an  extension  ,s  not  explicitly  given  the  default  extension  "TMP" 
wul  be  u  i  d  The  -0  command  will  output  the  CRE  data  structure  and  the  VI"  command  will  mput 
CRfc  data  tructure,  naturally  the  default  extension  is  "CRE". 

rhe  "X"  command  will  output  a  ,dco  image  to  the  XGP  The  "'C"  command  followed  by  a  list  of 
octal  numbers  will  output  the  HSEG  and  V$EG;  raw  vector  contours,  to  the  XGP.  The  "P“  command  will 
output  the  currently  displayed  III  buffer,  the  default  extension  is  "III".  Finally,  the  "J"  command 
enhances  the  contrast  of  an  image  for  the  sake  of  its  appearance  on  the  XGP 

INTERACTIVE  (MANUAL)  MULTI  IMAGE  PROCESSING. 


akin-,  or  mput.ng  new  television  images,  and  contouring  them  using  the  "C"  command  or  the  "0" 
command  will  form  a  film  data  structure  Images  can  be  explicitly  compared  end  linked  by  typing  "M" 
match  command  winch  links  the  latest  image  with  the  immediately  previous  image  The  "2"  command 
will  zero  the  data  structure  of  all  images. 

AUTOMATIC  MULTI  IMAGE  PROCESSING. 

The  "A"  command  is  for  automatic  turn  table  perception,  CRE  takes  64  pictures  from  camera  • 3 
wtv.e  rotating  the  turn  table,  outputs  a  fhe  and  exits  (returning  control  to  the  3D  geometric  editor) 
The  turn  table  i  manually  moved  small  amounts  by  the  four  possible  "V"  commands-  "Y"  VY"  "AY" 

and  "•  Y".  Numeric  Absolute  and  relative  positioning  of  the  turntable  is  under  the  "U"  command-  fhe 
details  of  which  are  still  being  developed.  command,  the 


CRE  TELETYPE  COMMANDS 


VIDEO  COMMANDS _ _  _  _ _ 

T  Take  a  A  bit  tele  ision  picture 

T  Take  a  6  bit  tele  ision  picture. 

S  Select  camera  number,  default  is  camera  «1. 

'S  Set  TCLIP,  default  is  0 
/<S  Set  BCLIP,  default  is  7. 

•  S  Shrink  node  'pace.  Catls  node  storage  compactor. 

The  two  command  characters  "T"  and  “S“  control  live  video  camera  input.  The  default  camera  is 
camera  » 1  on  the  Cohu  camera  on  the  hand  eye  tab  e  Camera  $0  is  the  Cart  Receiver,  camera  *2  is 
the  sierra  hand  e>e  camera,  and  camera  «3  n  one  nr  the  other  old  brown  cameras  depending  on 
which  <oa»  is  plugged  up,  the  brown  camera  near  11123  is  the  Font  Camera  and  the  brown  camera  near 
the  turntable  i<  the  GEOMED  Camera. 

iriPUr  OUTPUT  COMMANDS _ 

I  Input  TMP  file  Television  image  from  disk  file. 

<•'1  Input  ORE  file.  Contour  film  from  disk  file. 

0  Output  TMP  file  Television  image  to  disk  file. 

'0  Output  CRE  file.  Contour  film  to  disk  file. 

X  Output  video  image  to  XGP 

P  Output  HI  file  III  buffer  for  calcomp  plotter. 

<C  Output  VIC  contour  edges  to  XGP. 

This  command  requires  a  list  of  octal  numbers. 

J  Contrast  enhancement  for  the  sake  of  XGP  appearance. 

«  T>pe  twenty  CRlF’s  to  clear  page  printer. 

?  Display  help  summary  of  CRE  commands. 

IMAGE  CONTOURING  COMMANDS _ 

C  Cut  at  gi  i'ii  threshold  levels 

0  Cut  at  e  qually  pack'd  conttours,  three  cuts-  20,  AO,  60. 

<rQ  Seven  ruts:  10,  20,  30,  A0,  bO.  60,  70. 

E  I  nabT-  all  C:’f  processing. 

D  Disable  .11  leps  eve  opt  contouring. 

M  Compare  and  male  match  current  image  with  previous. 

W  Enter  Arc  Width  Table  alter  mode. 


CRE  1  ELETYPE  COMMANDS 


NODE  FOLLOWING  COMMANDS 


>  Fetch  film  rode. 

!  Flush  rode  display. 


t  • 

CW..CCW 

Fetch  Ring  links. 

<  > 

DA D„SON 

Fetch  Tree  links. 

TYPF..RFLLOC 

u  n 

ENDO..LXO 

Fetch  nested  polygon  tiee  links. 

<  > 

ALT„ricrn 

Fetch  alternate  'hape  or  arc  link, 

C  3 

NGON..PGON 

Fetch  nested  polygon  tree  links. 

V  A 

NTIME..PTIML 

Fetch  time  line  links. 

These  14  commands  allow  detailed  inspection  of  the  CRE  data  structure  by  showing  the  contents 

of  a  node  Data  halfwords  of  a  rode  are  displayed  in  octal;  link  hahwords  are  displayed  prefixed  with 
a  letter  indicating  the  type  of  rode  being  pointed  at;  a  zero  link  is  disple  'ed  as  NIL  . 

The  FILM  node,  which  is  the  root  of  the  whole  data  structure  is  fetched  and  displayed  by  the 
•V  command  From  the  Film,  the  command  can  be  urco  to  get  SON(FILM)  which  is  always  the  first 
ima-e,  and  ">“  command  of  an  image  will  get  a  level  and  V  of  a  level  will  get  a  polygon.  Vectors  and 
polygons  are  intensified  when  their  contents  are  being  die  played.  The  exit  command  is  T,  which 
leaves  the  screen  less  cluttered. 

WINDOW  SCROLLING  COMMANDS__ - — - 


;  Move  camera  left 

:  Move  c  amera  right 

(  Move  camera  down. 

)  Move  came  a  up 


zoom  out,  shrink  displayed  image. 

*  Zoom  in,  expand  displayed  image. 

/Z  Reset  scrolling  window  to  it  initial  position  and  size. 
/  Halve  strength  of  sc  tolling  delta. 

\  Double  strength  of  scrolling  delta. 


...  Single  * c-p  displayed  image  forwards. 

,/«  Single  top  di  played  image  backwards. 

/t«  Run  film  display  forwards. 

(->  Run  film  J'splay  backwards. 


The  f  r  t  several  command1'  allow  minute  examination  of  the  image  by  magnification  and  window 
posit  0111113.  The  command  character  "*»"  allows  single  stepping  thru  the  film  of  images  or  continous 
display  of  Ihe  film  forwards  Or  backwards. 


I 


I 


I 


r 


t 


CART  DRIVING  COMMANDS _ 

F  Dn  c  forwards. 

B  Drive  backwards. 

L  Turn  wheels  hard  left. 

R  Turn  wheels  hard  right. 

'L  Pan  camera  left 

-v R  Pan  camera  right. 

SPACE  Stop  the  cart. 

RETURN  Exit  cart  command  mode 

Fir-d,  and  most  important  is  understanding  how  to  stop  the  cart.  The  teletype  halt  command  is 
SPACE;  also  any  character  other  than  "F",  "R",  ”L”,  or  "R"  will  stop  the  cart.  Cart  commands  are 
passed  first  from  a  teletype  to  the  PDP-10;  then  to  the  PDP-6;  then  over  a  citizens  band,  27.045 
megahertz,  radio  link  to  the  cart  control  logic.  When  communication  is  lacking  between  entities  in  the 
chain  of  command  the  'ower  entity  times  out  and  causes  the  cart  to  halt.  The  cart  control  logic  times 
out  in  a  fifth  of  a  second  if  it  does  not  hear  from  the  PDP-6;  the  PDP-6  times  out  in  less  than  a  minute 
if  it  has  not  hnard  from  the  PDP-10;  the  PDP-6  stops  broadcasting  cart  commands  if  it  detects  the 
death  of  the  PDF-10;  the  PDP-10  job  times  out  after  5  minutes  of  not  hearing  from  the  teletype  and 
kills  the  PDP-6  spacewar  job. 

Second,  and  of  occasional  interest  is  understanding  how  to  make  the  cart  go.  The  command  "F" 
will  make  the  cart  go  forwards;  and  the  other  commands  will  cause  action  as  mentioned  in  the  table.  If 
the  cart  fails  to  move;  all  its  switchs  should  be  check  for  being  in  the  ON  or  AUTOMATIC  or  FAST 
position;  all  its  plugs  should  be  plugged  in;  and  its  batteries  should  be  checked.  Recently  cart  failure 
had  been  most  often  caused  by  the  radio  transmitter  in  the  Kludge  Bay.  Check  to  see  that  the 
transmitter  is  turned  on  and  that  the  PDP-6  is  running.  By  the  end  of  the  year  (1973),  a  new  cart 
radio  controler  will  be  installed  by  Hans  Moravec,  and  these  commands  will  be  updated. 

CART  HARDWARE  DIAGONOSTIC _ 

V  Enter  diagonostic  listen  loop. 

RETURN  Exit  diagonostic  listen  loop. 

NUMERALS:  0,1, 2, 3, 4, 5, 6, 7  send  direction  relay  bits. 

CHARACTERS:  H,A,B,C,D,E,F,G  send  action  relay  bits. 

The  cart  diagonostic  listen  loop  simply  takes  the  low  order  four  bits  of  a  non-carriage  return 
ASCII  character  and  broadcasts  them  to  the  cart.  The  cart  decodes  four  bit  radio  command  bytes  into 
six  relays;  commands  0  thru  7  set  the  pan,  drive,  or  steering  direction  relay  repective  to  bits  4,  2  and 
1;  commands  A  thru  G  set  the  pan,  drive,  or  steering  action  relays  respective  to  bits  4,  2,  and  1. 
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SAIL  INTERFACING  TO  CRE. 


li  should  be  possible  io  embed  Ihe  CRE  machine  code  under  a  SAIL  core  image;  however  I  do  not 
intend  to  do  this  work  For  Ihe  present,  the  CRE  interface  to  SAIL  is  only  realized  via  a  disk  file 
transfer  of  the  data  siructme.  A  CPE  file  may  be  lead  into  an  integer  array  in  binary  mode  as 
illusti  atcd  below 

The  furt  word  of  a  CPE  file  is  the  first  word  of  the  film  node  which  contains  the  size  of  the  file 
in  .vordc  The  film  node  has  addiesr  0;  the  next  node  has  address  7;  and  so  on  in  multiples  of  seven. 
There  ire  no  empty  nodes  in  a  CPE  file.  The  following  SAIL  program  will  read  in  a  CRE  file  named  X: 

COMMENT  EXAMPLE  OE  SAIL  INPUT  OF  A  CRE  FILE; 

BEGIN  "TEST- 

INTEGER  SI7E, 

OREN(  1  ,"DSk",3,3,0,0,0,0); 

LOOKUPf  l,"X.CRE",0); 

SIZE  -  WOPDIN(l); 

BEGIN 

INTEGER  ARRAY  N0DE[0:SIZE]; 

ARPYiNi  l,NOOE[l],SI7E-l>; 

RELEASE!  P; 

"MAIN  PROGRAM."; 

[  f  ID; 

END; 

After  the  NODE  array  is  loaded,  CPE  links  and  data  may  be  accessed  by  their  document  names  in 
a  rea  unable  node  link  notation  using  macros  like  the  following: 

DEI  if  IF  OWiQ)  =  "iN0DE[iJ  LSH  -IS)"; 

DEFINE  C.L.WfO'  »  ”<NuDE[Q]  LAND  '7777”)"; 

DEFINE  DAIXQ;  -  "ff JODE[Q*  1  ]  LSH  -18)"; 

DEMNE  bON(Q)  -  "(NODE[Q*l)  LAND  '777";  7)"; 

So  that  the  hrO  ertex  of  the  first  polygon  of  the  first  level  of  the  first  image  of  the  film  can 

be  obi  amed: 

INTEGER  F ILM, IMAGE, LEVEL, POLYGON, VERTEX; 

F  ILM  ~  0; 

LEVEL  •  GOf Jf FILM); 

•  POLYGON  -  SON(LEVFL); 

VEP It’1'*  SONi  POLYGON); 

Flir  i.ser  may  note  that  SAIL  will  compile  three  or  n  ore  instructions  for  what  is  known  as  a 
PDP  Id  halfword  operation;  also  if  the  it'.er  convert',  ihe  CRE  nodes  and  links  inio  LEAP  items  and 
asspi  mIioiv  tln'ii  an  overhead  o(  from  ten  to  one  bundled  instructions  per  "halfword  operation"  will 
he  us  urrc’d. 


LISP  INTERFACING  TO  CPE 


It  should  be  possible  to  embed  Hie  CPE  machine  code  under  a  LISP  core  image;  however  I  do  not 
inlnn. 1  to  do  tine  work.  For  the  present,  the  CRE  interface  to  LISP  is  only  realized  via  a  disk  file 
transfer  o|  the  data  true  tore.  A  CRE  file  may  he  mad  into  LISP  binary  program  space  and  accessed 
U'ing  the  CRE  nomenclature  (11  link  names  and  13  datum  names)  by  means  of  the  S-Expression 
i.ul.n nut  hip:  provided  in  the  file  CRE,LSP[CRE,BGOJ.  The  subroutines  work  in  both  the  old  Stanford 
LISP  1  h  a  veil  as  the  newer  UCI  LISP  and  Micro  Planner,  PLNR.  The  CRE.LSP[CRE,BGB]  can  be  loaded 
rithei  hy  one  or  the  other  of  the  following  two  LISP  statements: 

<DSKIN(CRE,BG3)(CRE.LSP» 

(iNCdNPUKCRE.BGBKCRE.LSP))) 

A  CRE  film  file  is  read  into  LISP  binary  program  space  by  one  of  the  three  possible  INCRE 
formats: 

(INCRE  filename) 

(INCRE  filename  project) 

(INCRE  filename  project  programmer) 

Filenames  should  be  six  characters  or  less,  projects  and  programmer  initials  should  be  three 
characters  or  less,  the  filename  extension  CRE  is  assummed  and  the  usual  PPPN  defaults  occur.  If  the 
input  succeeds  INCRE  returns  a  value  T;  if  1  he  input  fails  INCRE  returns  a  value  NIL  and  prints  one  or 
the  other  of  these  two  messages: 

CRE  FILE  NOT  FOUND. 

CPE  FILE  REQUIRES  00000  MORE  WORDS  OF  BINARY  PROGRAM  SPACE. 

After  a  sucessful  INCPE;  the  film,  image,  level,  polygon,  arc  and  vector  nodes  are  referred  to  by 
integers  using  the  11  Link  Fetch  Subroutines: 

<CW  nodeXCCW  nodeXDAD  nodeKSON  nodeXENDO  nodeXEXO  node) 

(ALT  nodeXNGON  node)(PG0N  nodeXNTIME  node)(PTIME  node) 

The  film  node''  address  is  the  integer  0,  zero.  So  that  the  expression  (SETQ 
V3(CCW<CCW(SQN(SON(SON(SON  0)))))))  will  retrieve  the  lower  right  hand  corner  of  the  border 
polygon  of  I  he  -1  le  el  of  the  first  image  of  the  film.  The  13  CRE.LSP  datum  fetch  subroutines  are: 

(ROW  nodeXCOL  node  )(CRETYPE  nodcXRELOC  node) 

tCNTRSl  nodeXNCNT  nodeMZDEPTH  nodeXPERM  ncdeXAREA  node) 

(MXX  nodeXMYY  nodeXMZZ  node)(PXY  node) 
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This  is  sample  output  from  the  Xerox  Graphics  Printer. 

ic^/SA-enXoo^c3nuV3®^  -+~?<>sv 

!V$7.&,0*v./01234567~89:;<=>? 

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\lt<- 

'abcdefghijklmnopqrstuvwxyzllfl} 

This  is  sample  output  from  the  Xerox  Graphics  Printer. 

'"«$£&•()».,  ./0 1 234 56789: ; <->? 
sABCDUGHIJKLMNOIl^KSTUVWXYZIMI** 

'ahcdef^hijkliiinop<irst  uvwxyzlIfU 

This  is  sample  output  from  the  Xerox  Graphics  Printer. 
ioc/3A-^nXcx^cDnuV3©«_-<'^<>sv 

!"#$7.&'()*v,/0123456789:;<*>? 

@ABCDEFGH1JKLMN0PQRSTUVWXYZ1\II- 

'abcdefghijklmnopqrstuvwxyzllfl} 

This  is  sample  output  from  the  Xerox  Graphics  Printer. 

*oc/?A-’(nXoo^cDouV3@H_->~^<>5V 

!"#$7.&,0*v./0123456789:;<*>? 

eABCDEFGHIJKLMNOPORSTUVWXYZlMI- 

'abcdefghijklmnopqrstuvwxyzllfi} 

This  is  sample  output  from  the  Xerox  Graphics  Printer. 

vLod/^A-^nXoo^cDnuV3®^_W<>=v 

!"#$7.&,()*+r./0123456789:;<=>? 

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\ll- 

fabcdefghijklmnopqrstuvwxyz{|fl} 

This  is  sample  output  from  the  Xerox  Graphics 
rinter. 

ic^/SA-|€nXoo^c3nuV3®«_->iv?t<>2V 

!"#$7.&,0*+,-./0123456789:;<=>? 

@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\lt<- 

'abcdefghijklmnopqrstuvwxyzdfl) 


USING  TVFDNT  -  draft. 

I n troduct i on. 

TVFDNT  is  a  version  of  CRE  (January  1973)  that  was 
specialized  to  the  task  of  converting  television  images  into  type 
fonts  for  tiie  XGP.  Xerox  Graphics  Printer.  The  original  idea  was  to 
demonstrate  the  utility  of  a  polygon  representation  for  scaling, 
smoothing  and  editing  typographical  glyphs,  the  resulting  hack 
(demonstration  program)  was  extended  and  developed  by  Tovar  Nock 
into  the  program  railed  TVFDNT.  Accordingly,  the  main  idea  of  TVFDNT 
is  to  convert  video  rasters  into  polygons,  to  edit  and  scale  the 
polygons,  and  to  convert  the  polygons  back  into  bit  rasters. 

This  section  IV,  will  be  available  as  a  TVFDNT  user  manual 
in  another  six  months;  it  is  presented  here  to  give  the  would  be 
user  a  start,  and  the  general  reader  a  sample  of  the  desion  and 
extort  of  TVFDNT.  y 

The  figure  on  page  41  is  an  example  of  expanding  and 
contracting  a  font  without  manual  touching  up.  The  top  sample  is  the 
original  (BDR40  from  CNU) .  The  remainder  have  been  generated  by 
T Vf  ONI .  The  expansion  or  contraction  was  done  by  converting  fonts 
from  bit  matrices  into  a  polygonal  representation,  multiplying  by 
the  appropriate  constant  and  reconverting  back  into  a  bit 
representation.  The  following  paragraph  is  an  example  of  a  font  made 
from  television  pictures: 


Kan  BaM  npaniiTCH  naiua  nonaa  iunpoi<o-iie«iaTb?  Ona  iia3binaeTCn  xcp  (Xerox 
Cm, .hirs  i  rimer'  II  CfleJiaiia  (J)IipMOfi  Xerox  113  OCllODailHlI  MaiUIIllbl  I.DX.  IJeHTp 
nc;ic*flonaiiiifl  Xcmx  d  Pnio  ,v to  CAajia  ii3M  Maiiniiiy  CeaiuiaTiio,  moGu  ucaneflOBaTb  ee 
npiiMoiioimn  XCP  noJiywaeT  H3  UBM  ao  1 700  pc3pHAon  Kawflbift  n«Tb 
MiiAJincoKyiiAon.  3to  -iron  n»e  i<ai<  no  TcjicmiAeinni.  Bynnu  CAejianu  ns  ToieK 
iiporpaMMofl,  CTpamma  coctout  113  1700x2200  =  3,740,000  pa3pnAOB  Ha-aa  SToro, 
I|BM  AOflwiia  paGoTaTb  ciciib  Gucrpo.  Man  011a  AOAWiia  HMeTb  n  onepamnnoft 

naMjiTb  okojio  100,000  cnon,  iijiu  011a  aoajkiw  no-nyiaTb  113  ahck3  AOBOJibno 

6ojn>iiioft  Gyijicp  o'icii  pery;ifipbiio,  noTOMy  mto,  KorAa  Gywiara  liaminaeT  ABnraTb  b 
luiipoKo-iicinTii,  ona  ne  mo>kct  oCTaiiomiTbCH  ao  22  ak)>kiiiiux.  Ilpiiimiine  Mauimibi  - 
TflKOfl  )KC  K3K  y  oGUKllOBennofl  MailJlIllU  Xerox. 

K;ik  Bu  niiAHTc,  Mauiima  onent  rnGica.  Bosmohciio  no^3onaTbCfl  aioGum 

njirJianiiTOM,  d  jiioGom  pa3Mcpc,  11  upoMc  Toro,  bo3mo>kiio  neiaTaTb  HAAyCTpamni. 

Hancpno  Bu  to>kc  saNCTium,  xopoiuaa  lunpoKo-neiaTb  ne  noMoraeT  MoeMy  naoxoMy 
pyccKOMy  B3Ui<y.  CeiViac  ncpmocb  na  anrjinucKiiu  H3UK. 
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TVFONT  PRIMER  -  (draft). 


"iVFONT  is  o~  the  system,  and  can  be  run  by  typing  "R  TVFONT" 
at  a  III  display  console.  At  present,  III  #23  is  next  to  a  camera 
setup  for  making  fonts.  The  process  of  making  a  new  XGP  font  or 
altering  an  old  one  will  be  explained  in  six  steps: 

1.  Raster  input:  get  a  v'rieo  image  or  an  old  font. 

2.  Contouring:  make  polygons. 

3.  Polygon  ed'ting:  delete,  scale,  position  and  alter. 

4.  Polygon  I/O:  save  and  restore  polygons. 

5.  Font  output:  make  new  font  and  output  font  file. 

Complexity  arises  in  that  there  is  more  than  one  way  to  do 
cart  step,  there  are  default  arguments  and  suitchs  which  the  user 
may  alter,  there  are  ways  to  save  and  restore  intermediate  results, 
and  there  are  quite  a  few  different  display  modes  and  display 
di agonost i cs.  The  iVFONT  command  scanner  resembles  that  of  TVED  and 
E;  (as  well  as  CRE  and  GEOMtD) ;  the  command  scanner  types  an 

asterisk  when  it  is  in  its  top  most  listen  loop  waiting  for  a 

single  command  character.  The  command  character  may  be  modified  by 
the  META  and  CONTROL  keys  which  will  be  abbreviated  as  "a",  "(3"  and 
"c"  for  CONTROL,  META,  and  META-CQNTRGL  respectively.  Many  commands 
in  turn  require  arguments  such  as  numbers  or  file  names.  Finally  the 

"X"  command  waits  for  an  extended  command  name  of  several 

characters,  which  is  called  an  extended  command. 

This  first  explanation  will  present  a  way  of  making  a  new 
fnnc  using  the  fewest  commands. 

Raster  Input  and  Contouring: 

1.  "T"  take  television  picture. 

2.  "H"  Display  histogram  of  television  picture. 

3.  "C24"  Cut  at  intensity  level  24. 

Get  the  Font  Camera  looking  at  a  single  letter  in  a  font 
book.  Use  a  black  piece  of  paper  with  a  square  cut  out  as  a  mask  to 
isolate  the  letter.  The  "T"  command  will  take  a  television  picture. 
The  "H"  command  will  display  a  histogram  of  the  television  picture, 
showing  how  many  points  of  the  image  were  0  intensity,  (total  black) 
and  how  many  points  of  the  image  were  77  intensity,  (total  white).  A 
picture  of  a  black  glyph  on  a  white  background  surrounded  by  a  black 
mask  should  yield  a  histogram  with  two  peaks. 

Next  the  "C"  command  followed  by  an  octal  number  followed  by 
a  carriage  return;  contours  the  image  at  the  given  octal  intensity 
cut  threshold.  That  is  all  the  points  of  the  image  above  the 
threshold  are  inside,  of  a  polygon.  The  intensity  value  of  the 
lowest  valley  between  the  two  peaks  of  the  histogram  is  probably  the 
best  cut  value  (and  is  probably  the  octal  number  24  or  30).  The  cut 
command,  will  display  the  polygons  that  are  made. 
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Po I ygon  K  i  M i ng. 


4. 

5. 
S. 
7. 


11  c+" 

"K" 

II  H 
II  |  II 


Fetch  1st  polygon  of  1st  image  of  the  film. 
Kill  a  po I ygon. 

ring  around  the  polygons  of  an  image, 
f lush  node  display. 


r  •.  ■.  »nnp  0f  polygons  corresponding  to  one  letter, 

•  G.  »nl,iSnni  c?n  be  .leleted  by  using  the  "K"  command  and  the 
uncles  i  r  ed  polygons  can  ue  ueicieu  y  »  „  1M  ;  n  +  <=  n  s  i  f  u  the 

node  link  display  commands.  To  rtart,  the  c+  w  1  11  " nt®ns '  ?  ^  „  „ 

first  polygon  of  the  image’s  polygon  ring;  from  there  * 

,  Mill  intensifu  the  next  polygon  of  the  ring;  the  K 

command  will  delete  the  presently  i ntensi f i ed  po I ygon  and  fetch  the 

nex t  po I ygon. 


A  font  corresponds  to  a  film.  An 
letter.  After  taking  a  series  of  iaages. 
polygons  a  font  file  can  be  made  using: 


image  corresponds  to  a 
and  deleting  undesired 


Making  and  Output ing  a  Font  File. 


S. 

9. 

10. 


"X"CENTER 

"Q" 


"cO" 


Center  all  the  images  of  the  film. 
Make  font  bit  rasters. 

Output  font  f i I e. 


THp  "X"CENTER  command  is  an  extend  mode  command  and  requires 

k-mT™,  ,nd “uBina  out  the  word  "CENTER"  followed  by  a 

•  '  r  pturn  The  "0"  will  cause  a  bit  raster  to  be  made  for  the 

cart  i  ago  ™tur  n.  Ihe  ”  f  th  fi,„  if  an  image  node  does 

in0rh^ePan  Social  ASCI !  code  then  the  user  mill  be  requested  to 
eupp  I  y*  one.  The  ”i0"  will  _ask  for  a  font  filename  and  will  output  a 
font  file  in  the  Stanford  Format. 

Testing  a  new  Font  File. 

11.  . XGP  FILE/FONT  =NEUFNT.FNT [XGP.BGB1 

The  above  monitor  command  will  print  a  FILE  with  a  new  font. 
The  user  must  specify  his  PPPN  because  the  default  is  [XGP. SYS! . 


{ 


» 


-  44  - 


m  oni  command  summary 


i 


t 


A  ASSIGN  ASCII  COOL-  IQ  I  RAGE, 

li  EXI 'AND/CON  1RACT  BY  CONSTANT 

aO  EXPAND/CONTRACT  IN  Y  DIRECT  I nN 

PB  EXPANO/ CON  TRACT  IN  X  DIRECTION 

<H  SLANT  CHARACTER  (I/O  SLANTS  TO  45  DEGREE  ANGLE) 


r 


C  TWIT  THRESHOLD  CUT. 

cC  RARE  RDL.YGON  I  RAGE  OOI  OF  HI  I  REPRESENTATION  OF  FONT. 

D  ENAfll  T  /DISABLE  I  IF.  I  FT  I  ON  OF  I’.ARY  POLYGONS  (DEFAULT  IS  OFF). 
F  1.  OCA  IE  NEAREST  POINT.  (F  USE  LIGHT  PEN 

G  LEVEL  OT  CORRESPONDING  CHARACTER  CODE 


f 


H  HIS  TOGRAR.  "«H"  . "PH"  BI-RODAL  CUT. 

I  INPUT  TV  PICTURE  FROR  DISK. 

I  I  NI-'U  T  CRF  T  I LE 

Y  KILL  I  RAGE.  POLYGON  OR  VERIEX 

I  SHOW  LAST  DIT  I  RAGE 


«l  SHOD  CHARACTER  IRON  FONT  IN  FNTSEG 

T1  ROVE  POLYGON  TO  REX  I  I  RAGE, 

oil  MO  Vi  10  MEN  I  RAGE 

PR  MIDPOINT  LINE 

(M  RUNG  ON  10  GRID  POINT  (AS  SEEN  IN  .Y) 

N  NEXT  I  RAGE 

oil  I'EiVIGUS  IMAGE 

PI  I  OFF  AT  OCX  I  I  RAGE  UNTIL  A  CHARACTER  IS  TYPED 

tN  REPEAT  PRf  V 1 0U5  I  MAGE  UNTIL  A  CHARACTER  IS  TYPED 


O, 1:  2.  3:4  .5,6,7.  5  9, 

7LBXcB.aE.eF.fGJ}*!., 

P. ,0  rS  sT  ,a.uV,.Wl.xY,Z.z 

b-hC=c  id(2-e  I.f  g  J  h  h  L,  j-j  K=kl=l  tTLrTLnQ-o 

P-p  q -q  r. r  s.s  ht  u  u  v=v  w.„x.*  y=y  z,z 
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TVFONT  COMMAND  SUMMARY 


0 

OUTPUT 

CAREYE  FILE. 

«0 

OU 1  PUT 

CRE  FILE 

1  0 

OUTPUT 

FONT  FILE 

p 

PLOT  OUTPUT  FiLE. 

a 

MAK[  PONT 

era 

MAKE  ]/ 

C  SIZE  I  ON r 

p 

11151*1  AY 

HI T  MATRIX  FOR  THIS  CHARACTER. 

«R 

ROTATE 

IMAGE.  LEVEL  OR  POLYGON  (ANGLE  IN  RADIANS) 

c> 

SMOOTH 

r* 

a 

SMOOTH 

ANIJ  KILL  VIDEO  INTENSITY  CONTOUR 

p" 

REPEAT 

’5’  FOR  EACH  IMAGE 

<s 

REPEAT 

’ c<S ’  FOR  EACH  IMAGE 

T 

TAKE  A 

TV  PICTURE 

a  r 

TAKE  A 

TV  PICTURE.  SETTING  CLIP  LEVELS  AUTOMATICALLY 

V 

CREATE 

VERTEX  AT  CENTER 

rrV 

CREATE 

NEU  VERTEX  AT  CURRENT  VERTEX 

(3V 

CREATE 

NEW  VERTEX  IN  NEW  IMAGE 

LI 

CENTER 

IN  THE  UINDON. 

rrU 

CENTER 

Y-POSITION  ONLY. 

0U 

CENTER 

X-POSI T I ON  ONLY. 

(  U 

MOVE  POINT  SPECIFIED  BY  LIGHT  PEN  TO  CENTER. 

X 

XT  END  MODE  COMMANDS 

Y 

DISPLAY 

SMOOTHED  FORM 

(3Y 

DISPLAY 

VIDEO  IN I ENG I TY  CONI OIJR 

aY 

DISPLAY 

BOTH  OE  ABOVE 

c  Y 

digit  AY 

VIDEO  INTENSITY  CONTOUR  MUNGED  ONTO  PIXELS 

7 

L. 

NO-OP 

c  a 

RESET  LOGICAL  CAMERA  POSITION 

P7- 

RESET  DISPLAY 

-  AG  - 


TVbONT  COMMAND  sunnARY 


+ 

Fetch 

f  i  1  m 

node. 

c<+ 

Fetch 

first 

i  mayo  node  from  f  i  1  ni. 

|3+ 

F  etch 

first 

1  eve  1  from  film. 

(  + 

Fetch 

first 

polygon  from  film. 

IF  A  Not  I!-  IS  CMRHfNTlY  rjfc£  I NG  displayed,  these  commands  affect  that  node. 

OTHERWISE  I  HEY  AFP!.  C I  DIE  CAMERA  (VIEWERS)  POSITION.  <CONTROL>  MULTIPLIES 
BY  2.  •  I1FT A'-  MUl  II PLIES  BY  4. 

MOVE  LEFT  (-)  BY  DELTA 
:  MOVE  RIGHT  M  BY  DELTA 

(  MOVE  UP  BY  DELTA 

)  MOVE  DOWN  BY  DELTA 

/  DIVIDE  DELTA  BY  2 

\  MULTIPLY  DELTA  BY  2 

THESE  COMMANDS  AFFECT  THE  CAMERA  (VIEWERS)  POSITION. 

*  INCREASE  MAGNIFICATION  BY  DELTA 

DECREASE  MAGNIFICATION  BY  DELTA 

THFSF  COMMANDS  CHANGE  NODE  BEING  DISPLAYED. 

FFlCH  COUNTER  CLOCKUISF  NODE  IN  RING. 

FFTCH  CLOCKWISE  NODE  IN  T NG. 

FETCH  FA  I  HER  OF  NODE 
>  FETCH  SON  OF  NODE 

<  FFiFH  ARC  I  OF  POLYGON  OR  VERTEX] 

FLiCH  POLYGON  (OF  VERTEX) 
a  EQUIVALENT  TO 

v  EQUIVALENT  TO  ’<•>’ 

i  FLUSH  NODE  DISPLAY 

THESE  COMMANDS  AFFECT  THE  PUSHDOWN  LIST 
U  PUSH  NODE  RE  IMG  ITISPI  AYED  ONTO  STACK 

n  POP  NODE  OFF  STACK  AND  DISPLAY  IT 

«  SWAP  NODE  BEING  DISPLAYED  WITH  TOP  OF  STACK 
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TVFONT’S  EXTENDED  CODriANDS. 


ARCH  ID 


Set  smoothing  constant.  Thi 
may  from  a  arc  before  it  is 
of  smoothing  algorithm  on  page 


is  the  maximum  distance  a  vertex 
Pi  it  into  two  arcs.  See  description 

XX . 


BARYKILl 

■  oygle.  flag  which  causes  baby  polygons  (those  consisting  of  onlu 
one  pixel)  to  be  killed)  y 


CAMERA 

Select  a  different  camera  number. 

CENTER 

Center  all  images.  It  is  equivalent  to  the  command  ’Ll’  applied 
to  each  image  and  uses  the  same  control  bits. 

DDT 

Invoke  DDT  if  present,  return  with  aP. . 

DISPI  AY 

Enable  display. 


-DISPLAY 

Disable  display.  TVFONT  spends  a  significant  amount  of 
putt i ng  up  the  di sp I  ay. 


t  i  me 


EXI  T 

Exit  to  won i ter . 

i 

GRID 

Enable  display  of  grid.  Grid  is  some  multiple  of  pixel  size 
dependent  on  camera  focal  length.  It  is  useful  of  lining  uo’ 
characters.  K 


-GRID 

HELP 

HCLE 

X i  i  ARC 


D i sab  I e  d i sp I  ay  of  gr i d. 

Display  help  file. 

Change  a  polygon  into  a  hole. 

Ki  I  arcs  vectors.  This  allows  several  degrees  of  smoothing  to 
be  tried  in  conjunction  with  the  ARCUIO  command. 
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TVFONT ’  S  EXTENDED  COMMANDS. 


KILVIC 

Kill  video  intensity  contours  and  replaces  them  with  arcs. 

DUNG 

Force  all  vertices  of  current  polygon  or  level  onto  pixel  boundaries. 
This  has  a  permanent  effect  as  opposed  to  * cY*  command  which  only 
di-plays  them  that  nay. 


ORTHMUNG 

ORTHMUNG  forces  vertices  which  appear  to  be  form  right  angles  onto 
pixel  boundaries.  This  is  attempt  to  counter  the  rounding  effect 
of  dek inking  on  sharp  corners  as  are  generated  by  reading  a  font. 


POLYGON 

Change  a  hole  into  a  polygon 

POPJ 

Leave  TTY  loop.  Used  for  debugging. 

READFONT 

Convert  font  which  has  been  lead  into  the  font  segment  into  polygonal 
represen  tat i on.  displaying  each  character  as  read. 

SCALE 

Scale  all  images  by  constant.  Equivalent  to  the  command  ’B’  applied 
to  each  image. 

SLANT 

Slant  all  images  by  constant  .  Please  see  command  ’cB’  for  a  more 
complete  description. 

SORT 

Sort  images  on  film  according  to  ASCII  code.  This  is  for  convienence 
in  looking  a  fonts  sequentially.  The  ’G’  command  is  recommended  for 
finding  specific  characters. 

XEROX 

OUTPUT  TV  IMAGE  TO  XGP 

XbCALE 

Scale  all  images  by  constant  in  the  X  direction.  Equivalent  to  the 
command  ’  oB'  applied  to  each  image. 


YSCAI  E 


Scale  all  images  by  constant  in  the  Y  direction.  Equivalent  to  the 
command  *(3B’  applied  to  each  image. 


TVFONT  NODE  FORMATS  -  JAN  1973. 


1 

1  VFRTEX/ARC  NOOE. 

i 

POLYGON/REGION  NODE 

1 

1  0 

VERTEX -RING 

0 

P01  '"-ON -RING. 

1  1 

ROU. , COL 

1 

DAO. .SON 

1 

TYPE. .RELOC 

2 

TYPE. .RELOC 

I  3 

o 

O 

_ 

|  4 

ARC..  - 

4 

arc!  !nc.nt 

1  S 

-  ..PGDN 

S 

-  . . PGON 

1  G 

RT  SEG..LT  SEG 

G 

IMAGE  NOOE. 

O  IMAGE  RING 

1  -  . . SON 

2  TYPE.. RELOC 

3 

a  -  !!  - 

c 

~  •  1  ~ 

G  -  - 

LEVEL  NOOE. 

0  LEVEL-RING 

1  -  ..SON 

2  TYPE.. RELOC 
-> 

4  -  , , NCNT 

5 

G  -  .  .  - 

FILM  NODE. 

EMPTY  NODE. 

O  CORESIZE 

0 

-  ..AVAIL  | 

1  -  ..SON 

1 

2  TYPE.. RELOC 

TYPE, .RELOC 

3  -  ..AVAIL 

O 

J 

_  1 

4  BLOCK  COUNT 

4 

5  -  - 

s 

G  -  - 

G 

“  »  »  ”  I 

SEGMENT  NODE. 

0  SEGMENT  PING 
1 

2  TYPE., 300903 

3  LDEL..RDEL 

4  LCOL..RCOL 

5  LROU..RROU 
G  LT..RT 
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summai  v  or  AniNA  i  nef<  r  i  a  tensor  express  ions. 


RFC TANG!  E  ’  0  LAMINA  INERTIA  TENSOR  ABOUT  ITS  CENTER  OF  MASS. 


M\X 

B*D*AREA/L2; 

(B  HEIGHT  IN  RD^S)  . 

MY  Y 

A*A*AREA/12; 

(A  WIDTH  IN  COLUMNS) . 

M7Z 

*- 

MXX  +  MYY; 

f’XY 

*- 

0; 

ORIENT  EX)  RIGHT 

TRIANGLE’S  LAMINA  INERTIA  TENSOR 

ABOUT  ITS  CENTER  OF  MASS. 

MX  V 

B*IT:*:AREA/1S; 

(B  HEIGHT  IN  ROUS)  . 

MYY 

- 

A*A*AREA/L 8; 

(A  WIDTH  IN  COLUMNS) . 

MZZ 

- 

MXX  +  MYY; 

PXY 

*- 

-A*B*AREA/3S ; 

SUMMATION  OF 

LAMINA 

INERTIA  TENSORS. 

A[,t  A 

(AREAL  +  AREA2) ; 

*•“  y 
r  v.  \ ' 

- 

(AREAL  *  XCMl  +  AREA2 

*  XCM2)  /  AREA; 

YCM 

*. 

(AREAL  *  YCM]  +  AREA2 

*  YCM2)  /  AREA; 

MXX 

pm 

MXX1  +  YCMI*YCM1*AREA1. 

+ 

MXX2  +  YCM2*YCM2*AREA2 

-  YCM*YCM*AREA; 

MYY 

- 

MYYL  +  XCMUXCril*AREAl 

+ 

MYY2  +  XCM2*XCM2*AREA2 

-  XCM*XCM*AREA; 

PXY 

- 

PXYL  -  XCML*YCM1*AREAL 

+ 

PXY2  -  XCM2#YCM2*AREA2 

+  XCM*YCM*AREA; 

ANGLE 

OF  PR  INC 

TIE 

AXIS 

PHI 

0. S*ATAN ( (MYY-MXX) / (C*PXY) ) 

PXY 

- 

0. S* (MYY  -  MXX) *TAN (2*PHI ) 

TRAN5L 

a  r  i  on 

OF 

LAM  I 

NA  INERTIA  TENSOR  AWAY  FROM 

CENTER  OF  MASS. 

MXX’ 

*- 

MXX  +  AREA*UY*DY; 

MYY’ 

MYY  +  AREA*DX*DX; 

PXY’ 

*- 

PXY  -  AREA*DX*DY; 

ROTATION  OF 

[.AMINA 

INERTIA  TENSOR  ABOUT  CENTER 

OF  MASS. 

C 

p . 

COSINE (PHI ) ; 

5 

Pm 

SINE (PHI); 

MXX’ 

- 

c*c#nxx  +  S*S*MYY  - 

2*C*S*PXY; 

MYY’ 

- 

C*C*MYY  +  S*S*MXX  + 

2*C*S*PXY; 

PXY’ 

- 

(C*C  -  5*5) *PXY  +  C*S* (MYY  -  MXX); 

-  SI 
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